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VOL. I MARCH. 1911 NO. 1 

SEISMOLOGY IN THE UNITED STATES 
Bv Andrew C. Lawson 

The issue of the first Bulletin of the Seism olouical Society of 
America appears to me to be a fitting occasion for a brief review of the 
present status of seismology in this country, and for some suggestions 
looking to the possible improvement of that status. 

The great advances in seismology in recent years have been along 
the lines of instrumental perfection and the interpretation of instru- 
mental records. The wide distribution of modern seismographs in 
civilized countries has supplied the data necessary for important dis- 
cussions of the significance of earth vibrations, their rate of propagation 
and their paths; and these discussions have not only greatly enriched 
the science of the earth but have drawn many new men to this afield of 
research. 

Until within a very few years the United States was far behind 
many other countries in its equipment for this work and in the number 
of men interested in it. The list of seismological .stations published 
in another part of this Bulletin clearly shows, however, that we are 
bestirring ourselves and are preparing to do our share in the study 
of earthquakes. This awakening interest in the phenomena of earth- 
quakes dates chiefly from the California earthquake of 1906. It is 
manifested not only in the establishment of seismological stations at 
various universities and.colleges throughout the country, among which 
the Jesuit colleges are the most notable for the zeal and thoroughness 
with which they have extended and organized such installations, but 
also by the establishment of a society wholly concerned with the 
advancement of this branch of science. 

There is an important department of seismology which can be 
pursued to advantage only by world-wide cooperation. I refer to 
the instrumental study of earthquakes of the first class or those of 
such great violence that their vibrations extend to all parts of the 
earth's surface and may be recorded by suitable apparatus. The exact 
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determination of the time of arrival, intensity of the components of 
motion and duration of the different phases of these vibrations, at a 
sufficient number of stations distributed over the face of the earth, 
affords data of the highest importance for the solution of the problem 
of the physical condition of the interior of the earth. 

In view of our increasing number of observing stations there can 
be little doubt but that we shall be able in future to contribute more 
and more to this world-wide cooperation. Indeed, most of the installa- 
tions of recent years in this country are better fitted for this kind of 
observation than for the study of earthquakes of smaller magnitude 
but of greater local importance. 

Now, when we stop to review the spread of these installations 
in the United States during the past few years, we cannot fail to be 
impressed with the fact that it is due to local spontaneity and that the 
distribution of the stations is governed by no guiding principle. Their 
position has been determined by accident rather than by design. For 
the purpose of a world-wide network of stations equipped primarily 
for recording shocks of the first class, they are too few in the greater 
part of the country and possibly unnecessarily numerous in certain 
other parts where institutions and interested men are not widely 
spaced. Under existing conditions the disproportion in the spacing of 
stations is likely to continue and to become more marked by the 
multiplication of installations where they are least needed. It is evident 
from this state of affairs that our seismological activities are unor- 
ganized. The lack of organization has been fully recognized by the 
men most interested in the subject, and various attempts have been 
made to reduce the work to a more systematic and economic basis. 
It has been proposed, for example, that at certain of the more im- 
portant stations of tlie U. S. Weather Bureau suitable seismographs 
should be installed and placed under the care of the local officers of 
the Bureau. This proposal was urged upon Congress by a committee 
of the American Association for the Advancement of Science, and 
was endorsed by the chiefs of the more important scientific bureaus 
of the government. The proposal was, however, rejected. 

Another appeal was made to Congress to establish a bureau of 
seismology under the Smithsonian Institution, and altho the sugges- 
tion received the approval of a great many scientific men thruout the 
country, and altho the subvention asked for in support of the bureau 
was not more than $20,000, the bill which was introduced for the 
purpose was killed in committee. 
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It is clear that if the matter is left to individual initiative or to 
institutions of local scope that the present unorganized condition of 
this work is likely to continue. Apparently the only hope for the cure 
of the evil is that the work should be taken up by a financially strong 
institution hke the Carnegie Institution of Washington. 

Another and rather different phase of seismological work and one 
which has received but little attention in this country is that which is 
concerned with seismicly active regions. There are several such 
regions in this country, but the most notable is comprised within the 
borders of California. In such regions where small earthquakes occur 
frequently an<l disastrous shocks occasionally, the proper investiga- 
tion of the conditions which obtain in the earth's crust necessitates a 
combination of geological field work with instrumental observations 
recorded at numerous stations equipped with machines for recording 
light shocks rather than heavy ones. These numerous stations distri- , 
buted over such a seismicly active region require the direction of a 
central station for the region. The work requires a corps of observers 
who shall give about an hour daily to the apparatus and the forward- 
ing of reports to the central station. It requires also a small number 
of active field geologists who are specialists in structural and physio- 
graphic geology. Such an equipment of stations and men can only be 
secured by an expenditure of the necessary money for installation, 
maintenance and salaries. The work thus organized would result in 
not only the precise location of all the various faults which by recurrent 
movement produce earthquakes within the region, but it would also 
enable us to become familiar with the progress of fault movements 
and so contribute very greatly to geological science. 

For such an undertaking, having to do with natural conditions 
and processes which affect humanity so seriously, it might be supposed 
that funds would be readily forthcoming. But such is not the case. 
In the present state of public opinion in California for example, it is 
practically impossible to secure state aid for the study of earthquakes. 
The commercial spirit of the people fears any discussion of earth- 
quakes for the same reason as it taboos any mention of an occurrence of 
the plague in the city of San Francisco. It believes that such discussion 
will advertise California as an earthquake region and so hurt business. 
In this state of public opinion our only hope for the proper prosecution 
of the study of earthquakes in those regions where their study may be 
most advantageously undertaken is to have the work carried out by 
an independent and financially capable institution devoted to scientific 
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work. Again, the mere statement of the situation suggests that the 
organization and maintenance of this branch of seismolt^y might 
fittingly be undertaken by the Carnegie Institution of Washington. 

A further necessity of a proper organization of seismological 
investigation is a central bureau of national scope for the systematiza- 
tion and coordination of earthquake reports from all parts of the 
country, whether they have reference to earthquakes of the first class 
or those of only regional importance. Such a clearing house cannot 
be maintained by any local institution, and could only be successfully 
operated by an institution charging itself with tiie care of the whole 
field. 

Another phase of seismological research which would be greatly 
advanced by a proper organization, such as might be effected by the 
Carnegie Institution, would comprise those studies which are necessary 
on the occurrence of a first class earthquake anywhere within our 
borders. Such great shocks do occur from time to time, and the 
phenomena which are their concomitants must be observed promptly 
and carefully by competent observers. At the present time there is 
absolutely no provision for such work. When such a shock does 
occur, as ifi the case of the Charleston and California earthquakes, 
valuable time and effort that should be given to scientific enquiry are 
devoted to a scramble for means wherewith to do the work. 

Besides all this, we need in such an organization as is contem- 
plated a small staff of men concerned chiefly with the theoretical 
aspects of the subject, — the discussion of the data from the physical 
and mathematical point of view. There is also needed very urgently 
an experimental laboratory for the purpose of investigating many 
questions that arise in the study of earthquakes and their destructive 
effects. 

These various phases of this work and others that might be sug- 
gested are likely to remain tmdone until we have effected some kind 
of an organization properly financed and devoted to this particular 
field. State aid appears to be remote. The Seismological Society is 
financially weak, and its chief function will be that of educating public 
opinion and stimulating private effort. Under these circumstances an 
appeal to the Carnegie Institution to take up the work of organizing 
and prosecuting seismological research in this country seems to be 
well justified. The recent large addition to its foimdation encourages 
the hope that the Institution may be able to do this without detriment 
to its other large and important undertakings. The assumption of the 
work by the Institution would certainly meet with the approval of the 
scientific men of the country. 
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SUGGESTED ORGANIZATION FOR SEISMOLOGIC WORK 
ON THE PACIFIC COAST 

Suggesiions made at the meeting of the Scismologicat Society of America 
held at San Francisco, Jannary g, 1909. 

By J. C. Brannmi 

Under the topic "faults," Professor J. C. Branner was called upon 
and spoke as follows : 

In speaking about faults I beg the forbearance of the chairnian 
and of the members present if I fail to confine my remarks strictly to 
this particular topic. It is not possible for me to stay to the end of the 
tneeting, and as these meetings are as yet far apart and at uncertain 
intervals, I want to use this opportunity to offer a few suggestions 
looking to the best interests of the science in which we are all deeply 
interested. 

Every geolc^st admits the seismologic importance of faults. This 
importance has been so clearly demonstrated that, so far as I am aware, 
no one questions it. There may be earthquakes that are not due to 
faulting, but we are all familiar with the amount and nature of the 
evidence showing that the great California earthquake of 1906 was 
due to movement along a fault line. But it is important to note that 
geologists know of a great many faults which are not now centres of 
seismic disturbances. Such faults probably caused earthquakes at 
some time in the past, but they are now recemented, as it were, and, 
from the point of view of the seismologist, are inactive and unimpor- 
tant. In the portion of the coast ranges with which I am most familiar 
there are literally thousands of faults, if we count both big and little. 
On the other hand there are probably faults so obscured by soil or by 
recent deposits, especially along valley floors, that we are unable to 
say just where they are; and there are still others that are but ill 
defined at the surface, or the geology of the region in which they 
occur may not have been studied. Indeed, one of the great difficulties 
that we have to face in studying earthquakes on this coast is the lack 
of detailed and trustworthy geolc^ic maps. 

Evidently then, and looking at the matter from the point of view 
of the seismologist, there are faults about which we need not concern 
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ourselves, and there are others about which we should be very much 
concerned. How are we to distinguish between these two kinds of 
faults — the seismologically active and seismologically inactive ones? 

The displacement along the San Andreas-Stevens Creek fault at 
the time of the earthquake of 1906 was so readily traced from point 
to point, and the topc^raphic emphasis of the entire fault line was 
so pronounced that it is highly probable that that particular fault 
would have been promptly located, even if we had not previously 
known anything of the geology. But the cases are not always as 
simple as this one; and even if they were, we cannot afford to wait 
for such serious disturbances to wake us up to a realizing sense of our 
duties. 

In connection with this subject of faults or epicentra, I believe 
that the most important work this society can undertake is to organize 
at once and to put into active operation a permanent and comprehen- 
sive system for collecting seismologic data. Only by such means 
can we hope to ascertain the locations of seismologically active faults 
as distinguished from the inactive ones. It naturally occurs to one 
that this could be done by the use of a large number of seismographs 
judiciously located and carefully looked after. But however important 
and helpful seismographs and properly equipped seismographic stations 
may be, their great expense puts them practically out of the question 
for a young organization with limited means. There is one excellent 
kind of a seismograph, however, that we can all use to great advantage 
if we will only set about it, and will take the trouble to put the records 
on paper and send them in. I refer to our own bodies. Earthquake 
scales are all based upon personal observations and impressions, and 
this facilitates the prompt classification of earthquake intensities. And 
in this matter of location of epicentra the determination of the distribu- 
tion of intensities is exactly what is needed — for the present at least. 
In order to make work of this kind effective there should be a large 
number of observers widely distributed over the area studied, and 
their results should be made immediately available. 

If you will look at the map of California showing the distribu- 
tion of the stations of the U. S. Weather Bureau, a method of collect- 
ing and handling such data immediately suggests itself. Here is an 
organized body of men accustomed to make certain observations in a 
systematic manner, and to report them every day to the central office. 
There arc 290 of these weather bureau stations in California 
alone. Clearly this number of observers is not nearly large enough 
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to gather earthquake data necessary for the determination of the 
centers of disturbance over such a large area. The organization, 
however, is there, it has a head office in San Francisco, and the man 
in charge is one of our members, the author of the catalogue of earth- 
quakes of the Pacific Coast for the years 1897 to 1906, and is 
thoroughly accustomed to assembling and using such data. 

These reflections lead me to make the following suggestions 
regarding a method for getting active observations organized without 
further delay : 

I. That, in order to gather data, the society make special efforts 
to greatly increase its membership in this state and along this coast, 
and that members be sought with some reference to geographic dis- 
tribution. 

II. That the society request all of its meinbers to note the time 
and intensity of all earthquake shocks felt by them, and to send these 
notes to the compiler with the least possible delay. 

III. That the society have the Rossi-Forel scale printed and sent 
to the members so that each one can have it at hand in order to deter- 
mine intensities and to accustom him to its use. 

IV. That Professor McAdie be made, ex-officio, the society's 
official compiler of earthquake data for the Pacific Coast of North 
America. 

V. That the society become financially responsible for such clerical 
help as the compiler may require in connection with this work. 

Such an tnffuiization as is iiere suggested ought to place In the 
hands of the compiler data for the construction of an intensity map 
of any considerable earthquake within forty-eight hours after the 
shock. I believe the gathering of such data and the construction of 
such maps will soon enable us to locate the active faults or centres of 
seismic disturbances. We shall thus be in position to serve the public 
by indicating the lines or localities where serious disturbances are most 
likely to occur and those where they are least to be expected. And all 
this can be done by cooperation, with the expenditure of Very little 
money, and with the least possible amount of exertion. Expensive 
seismographs and skilled mechanicians are not rettutred, and the 
writing of the brief reports here suggested need not take five minutes 
of a member's time. 

I doubt if the plan here suggested would be practicable in a 
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region where earthquakes are rare, and it may not work satisfactorily 
even on this coast. That we can determine only by trying it. But let 
us begin somehow and try out any method or all metlio<Is that appear 
to promise results. 

In what I am here suggesting 1 make no attempt to cover the 
grounds of the possible activities of this society. There is much to be 
done in the way of field observations, of laboratory investigations, and 
of philosophic deductions. With observations made and work done I 
am sure, the interest of the members of the society will grow, and we 
shall soon spread our energies into other parts of the field. 



SEISMOLOGICAL OBSERVATIONS OF THE FUTURE 
By Ai.exanokr McAniE 

We constantly hear expressions of amazement in connection with 
wireless telegraphy. The transmission of intelligence over great 
distances and especially over the sea, without the aid of wires or cables, 
appeals strongly to the imagination ; and few achievements of modem 
science have aroused so much interest and enthusiasm. The ability 
to receive information from distant and inaccessible points is indeed 
significant. But think for a moment, is not this precisely the function 
of a seismograph? Originally devised and intended as a means of 
recording the time of a local disturbance, the instrument has been so 
improved and its use so extended that it now serves, exactly as the 
receiver of a wireless outfit, to tell of conditions at a distance. Instead 
of an ■ electro- magnetic wave in the unknown ether, we employ as a 
medium of transmission the earth itself ; and for messengers, the 
various waves originated by the disturbance. 

It is evident that as the seismograph is developed further and the 
laws of transmissibility of earth waves are determined, we shall acquire 
extensive and detailed knowledge of what is going on in the earth's 
crust near the surface, at all centers of activity. In other words, the 
seismological observatory of the future promises to become a repository 
of data concerning the earth as a whole. Such data will be of direct 
value to man in his daily life. Heretofore we have been unaware of 
disturbances in uninhabited and inaccessible portions of the earth ; but 
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now no displacement or equalization of strain at any point on the 
earth will occnr without a full and enlightening record of the same being 
transmitted to central observatories. The value of such data cannot 
be fully appreciated at the present time; for as in meteorology, the 
assembling of simultaneous records on the synoptic chart led to great 
advances in our knowledge of the movements of the lower air, so 
the assembled records of earth movements will throw light on problems 
of geo-physics, ultimately unfolding the history of the planet's origin 
and development. The well equipped seismological observatory of the 
future promises to do for geognosy what the solar physics observatory 
is doing for astronomy in solving problems bearing on the evolution of 
the universe. Without doubt such an observatory will yield signficant 
contributions concerning the evolution of our own planet. 

One can hardly imagine a more fascinating line of scientific work 
than interpreting seismograms, deciphering these records of earth 
change at far distant points. And as through the spectroscope, astron- 
omy has in recent years been developed chiefly along astro-physical 
lines, so geology through the seismograph and its auxiliary will make 
marvellous development along geo-physical lines. 

Indeed it is not looking far ahead to conceive of central observa- 
tories with a tri-sided organization whereby modern developments in 
geology, astronomy and meterology can be correlated. These three 
fields are becomming more and more closely allied and there are 
certain problems pressing for solution to-day, especially in connection 
with planetary atmospheres, which require work in all three fields. In 
two of the fields, astro-physics and aero-physics, great advances have 
been made within the last five years, and we have the promise of a 
glorious future in these directions. One can have little hesitation in 
saying that a modem geophysical observatory at some point on the 
Pacific Coast would mean a wonderful development of knowledge that 
in a certain sense would be of more direct value for the welfare of 
mankind than even knowledge of the stars or of the air. 
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REMARKABLE EARTHQUAKES IN CENTRAL 
NEW MEXICO LN 1906 AND 1907 

By Harry Fielding Reid 

Between July 2, 1906 until well into the year 1907 scarcely a day 
passed that slight shocks or tremors were not felt at Socorro, in the 
middle of New Mexico, and in its vicinity; and shocks severe enough 
to do some damage occurred on July 12th and i6th and on November 
15th. The series was inaugurated by smart shocks at 3:15 and 3:30 
a.m. on July 2d, felt probably everywhere within fifty miles of Socorro. 
At Socorro they were strong enough to upset small objects (VI)*, and 
at Magdalena, twenty miles west, somewhat less slrong(V). Six shocks 
were reported in Magdalena between 3 and 4 a.m. and ten shocks in 
Socorro between 3:15 a.m. and noon; tremors continued during the 
afternoon and night. On July 7th smart shocks were felt at Socorro 
at 1 :30 and 4:10 a.m. and at Magdalena about 3 a.m. (All times are 
in Mountain Standard Time, seven hours slow of Greenwich mean 
time. ) 

On July 1 2th came the first severe shock at 5:15 a.m. which lasted 
from fifteen to twenty seconds at Socorro (VIII). The walls of many 
adobe houses were cracked and some brick chimneys were thrown 
down. Many boulders were shaken down upon the branch railroad 
to Magdalena a few miles west of Socorro, breaking one rail and a 
number of ties. The following places report having felt the shock: 
Socorro, and small towns nearby (VIII) ; San Antonio (VII-VIII), 
Elmendorf, sixteen miles south of Socorro, and Carthage, sixteen 
miles southeast, (VI-VII), San Marcial (VI), Rosedale (IV?), 
Alamagordo, Silver City, Lake Valley (III-IV), Albuquerque, El 
Paso (III). It was also felt on the ranches to the east and southeast 
of Socorro. A slight shock was reported from Fort Wingate about 
5 a.m. on July nth; it is probable that this is an erfor and that the 
shock was felt on the 12th; Socorro reports only very slight shocks on 
the 11th and no other place reports any. The following towns report 

'The Roman numerals indicate the inlensilies according (o the Rossj-Ford 
scale, see page J2. 
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not having felt the shock : San Mateo, Estancia, Las Lunas, Peralta, 
Cerrillos, Las Vegas, Santa Rosa, Deming, and Roswell ; the first three 
were probably near the limit of the sensible shock. Many light shocks 
were felt during the rest of the day in the general neighborhood of 
Socorro, 

The second severe earthquake came on July i6th. Slight shocks 
were felt in Socorro on the previous night and a sharp one at 6 a.m. 
(VI?), another slight one at lo a.m., and three strong shocks at 12 
noon, 12:05 and 12:08 p.m. Lighter shocks were felt at 12:30, i, 1 :^o, 
2:40, 3, 4:10, 6, 8:45, ID, and 11 :20 p.m., also on the 17th at i, 3, 4:20 
and 6 a.m., and more on the succeeding days. 

The midday shocks of July i6th were slightly stronger than the 
shock of the 12th. They upset more chimneys, cracked more houses, 
and threw out some brick gables in Socorro, made a few cracks and 
overthrew a few chimneys in San Antonio and increased the appre- 
hensions of the inhabitants. Many of the people of Socorro left their 
hotises and lived In tents, not in general because the houses were so 
badly damaged, but from fear of more severe shocks which might 
bring the houses down upon them. The Socorro Hotel, a brick build- 
ing in the ca.stern part of the town was abandoned on account of the 
injuries it had sustained, and the majority of the houses of the town 
suffered some damage. The southeast corner of the brick |)ost- 
office was thrown out, and its eastern wall bulged ; the court house and 
the high school lost several chimneys; but the School of Mines 
building, about one mile from Socorro, was not injured. A crack 
appeared in the adobe walk near the station, but this was insignificant. 
and apparently not due to the earthquakes but to drying during the hot 
weather. The hot springs near Socorro did not have their temperature 
increased as reported. Sensational accounts were published in the 
papers a few days later stating that Socorro was in ruins, that the 
inhabitants were fleeing and that a drenching rain had increased the 
misery. These accounts were so exaggerated as to be practically 
untrue ; a few persons left Socorro, and the rain was unimportant. 

The shocks of the i6th were felt practically over the same region 
as the shock of the 12th and were reported as follows: Socorro and 
neighborhood {VIII). San Antonio (VII-VIII), Sabina] (V-VI), 
Rosedale (V).Hillsboro (IV-V), Peralta CIV),Datil (IV?). Albuquer- 
que, Rindon, El Paso (III-IV), Alto, Lake Valley, Fort Bayard (III). 
The shock was reported as felt at Raton, 235 miles from Socorro to 
the northeast, and at Douglas, Arizona, 250 miles to the southwest. 
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but it is doubtful if these reports are correct, A train on the Magda- 
lena branch of the railroad about ten miles west of Socorro had stopped 
to remove some boulders from the track, when the strong shock 
occurred ; it nearly derailed the train and was apparently more severe 
at this point than at Socorro. 

Light shocks and tremors continued to be felt almost daily in the 
vicinity of Socorro, San Antonio and Magdalena with somewhat 
sharper ones on July 25th at 1 1 150 a.m., and 30th at 3 p.m., August 
5th at II :20 p.m., and 21st, at 3:30 a.m„ October 12th at 1 145 p.m., 
and 23d, at II :30 p.m., November 4th at 8 p.m. and December 19th at 
5 a.m. 

The severest shock of the year occurred on November 15th at 
5:15 a.m. and was felt generally throughout central New Mexico. It 
increased the damage already done in Socorro, but was not much more 
severe than those of July 12th and 16th. Peralta reported a lighter 
shock at 2:10 a.m. and about thirty light shocks were felt in Socorro 
in the course of the day. 

The intensity at various places was as follows: Socorro (VIII), 
San Antonio (VII+), Magdalena, Sabinal (VI-VII), Rosedale, 
Peralta, Laguna (V), Datil (V?), Hillsboro, Lake Valley, Alama- 
gordo, Willard, Carpenter (IV), Albuquerque (III-IV), Estancia. 
Torrance (Ill-f-), Santa Fe, Cerrilos, Rosewell, EI Paso (III), Las 
Vegas (III?). These have been entered on the map. Fig. i, and the 
isoseismal lines drawn. The data are far too meagre to yield more 
than rough approximations to the positions of the lines. If a circle 
of 180 miles radius be drawn with Socorro as its center, it will include 
all places that felt the shock ; it encloses an area of about one hundred 
thousand square miles, and it seems not improbable that the shock could 
have been felt over all this region. 

It has been impossible to draw the isoscismals higher than V on 
account of insufficient information, for the region is not thickly settled. 
The isoseismal III of the shocks of July 12th and i6th probably did 
not ditTer much in position from isoseismal IV of November 15th and 
enclosed an area of about 40,000 square miles. 

The smaller shocks usually gave the impression of a single vibra- 
tion forward and back again; the stronger ones consisted of several 
vibrations, and the very strong ones apparently had vibrations in diff- 
erent directions, as is usual with strong earthquakes. Souritis, some- 
times sharp, sometimes dull, and sometimes like a distant rumbling, 
occurred at the time of many of the shocks, though some shocks seem 
not to have been accompanied by sound. 
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In seeking the origin of this series of shocks we naturally examine 
the geology of the region. The Rio Grande flows in a broad flat 
valley on old river deposits hundreds, and in places perhaps more than 
a thousand, feet thick. The valley is limited a few miles from the 
river on both sides, by a series of mountain ranges. The whole region 




Map of New Mexico showing the isoseismals of the earthquake of November 

15, 1906, Intensities (R.-F. scale) are indicaied by Roman numerals. The 

towns marked with a cross reported the shock of July 2 or July 16. 

is cut by many faults. Flows of eruptive rock have taken place since 
the Tertiary Period; the Socorro Mountains, immediately west of 
Socorro, are eruptive; and very recent flows have occurred near 
Socorro, near San Marcial and elsewhere. The Magdalena Mountains 
consist of stratified rock resting on early igneous or metamorphic 
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rock, through which more recent eruptives have forced their way; 
faults are very numerous. 

The fonnation of a new fault or the movement on an old one, 
and volcanic explosions, are the two recognized causes of strong 
earthquakes. The lack of any definite evidence of volcanic activity, 
the sudden beginning and long continuance of the shocks, their general 
character and the considerable distance to which the stronger ones were 
felt, incline us to refer their origins to breaks or slips of the rocks; 
and the distribution of the intensity suggests that the slips occurred 
near Socorro — to the west, northwest or southwest. This suggestion 
is supported by some further evidence. The overthrown chimneys 
and gables at Socorro fell to the east and the southeastern comer of 
the postoffice fell outward. The chimneys and gables had their 
greatest lengths north and south, which would oppose their falling 
along that line ; the fact that they fell to the east and not to the west 
in<licatcs an origin in general to the west and not to the east as might 
be fiupposetl ; for in any sud<ten shock the return movement is apt to be 
stronger than the first forward movement ; and in this case the return 
movement of the earth would have caused the chimneys to fall away 
from the origin, which would therefore be to the west. We have an 
example of this principle when window glass is broken by a very loud 
noise, such as the firing of cannon. The glass falls outward ; the first 
forward movement of the air wave presses the glass in, and the 
stronger return movement draws it out and breaks it. 

About the middle of July Mr. C. B. Allaire at San Antonio and 
Mr. J. J. Leeson at Socorro, hung up heavy pendulums to record the 
movement of future shocks. Mr. Allaire's pendulum marked with a 
pencil on paper, and Mr. Leeson's with a point in a saucer of flour. 
Itefore the end of the month Mr, Allaire had recorded two shocks 
strong enough to yield some information regarding their character. 
The first indicated a sudden movement of the earth to the southeast; 
during the return movement there was added a much smaller vibration 
in a northeast and southwest direction. The second record was like the 
first but the movement was east instead of southeast. Mr. Leeson 
reports that his pendulum indicated movements from the northwest. 
Dr. Bagg set up a similar pendulum in the School of Mines in 1904 
and recorded a shock on the night of March 8th of that year in which 
the first earth movement was toward the cast (see below). Unfortu- 
nately this pendulum was not kept in operation. From the little infor- 
mation obtainable of the region southeast of Socorro, the intensity 
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of the shock there seems to have been less than near Socorro or a 
little west of it. 

About three and a half miles southwest of Socorro is a lava- 
capped hiil ; a comparatively recent fault has cut through the lava and 
lowered the eastern portion about one hundred feet relatively to the 
western. A little further east, near where the Magdalena railroad 
crosses the arroyo, there are two faults in a sandy mud flow. It is, 
therefore, clear that earth movements have occurred in this region in 
very recent geologic time, and are probably still continuing. 

These various observations lead to the conclusion that the origin 
of the shocks was a short distance west, northwest or southwest of 
Socorro. It is not probable that all the shocks occurred at exactly the 
same point or necessarily on the same fault, but only within the same 
limited region. Mr. C. T. Brown, a well known mining engineer 
of Socorro, examined the mines in the Magdalena and in the Socorro 
mountains and states that no movement occurred on the faults there; 
this means either that the movement was more deep-seated than the 
mines, or that the origin was not in these mountains. 

The shocks were not very severe, and on rock foundation would 
scarcely have reached an intensity of more than VII; the water- 
soaked alluvium near the Rio Grande intensified the damage, and the 
lack of foundation to the houses and the poor character of the con- 
struction (the majority of the houses were built of adobe without any 
cementing material) permitted greater damage than would otherwise 
have occurred ; and an intensity and destructive power was ascribed 
to the shocks which they did not actually have. 

It is very unfortunate that there were no seismographs in New 
Mexico, which might have yielded more definite information about 
the character of the shocks ; the very simple devices used for a short 
time at Socorro and San Antonio have helped materially in pointing 
out the place of origin. 

Mr. J, J. Lecson, voluntary weather observer at Socorro, has sent 
me a very complete list of the shocks felt in his town from July 2, 1906 
to January 16, 1907, which, as already stated, occurred almost daily. 
Unfortunately his records after the latter date were destroyed by fire, 
so that we do not know exactly when the frequent tremors ceased. 

Light shocks have been reported at Socorro on June 6th, i6th, 
17th, 28th and 29th and on July 7th, nth and 21st, 1907. That of 
June 28th was also felt at Magdalena. Several shocks occurred in 
1908 and five fairly sharp ones in 1909, but none during the first five 
months of 1910. 
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It seems characteristic of this region that earthquakes occur in 
groups. Dr. Rufus Ba^ * has given some account of a series of thirty- 
four shocks which occurred between January 19th and March 8, 1904, 
and referred them to local 'displacements in the Socorro Mountains 
and its outliers." A long series of shocks is reported to have occurred 
between 1898 and 1900, but I have been unable to get definite informa- 
tion about it. Strong shocks were reported by Dr. Bagg on April 29, 
1868, in April 1869, on July 6, 1886, and in 1897; that of 1869 seems 
to have been the strongest shock recorded before 1906; none of them 
seem to have done any material damage. 

^American Geologist, M, 102, 1904. 
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LIST OF SEISMOGRAPHS IN AMERICA. 

(Note.— Anyone who knows of a seismograph in operalion or about to be 
installed anywhere in America, and not mentioned in this list, is requested to 
report it to the Secretary of the Seismological Society of America, Stanford 
University, California.] 

NORTH AMERICA 



INSTinmoK POST-OPFICE IN CHARGE 5EISU0GR.VPK 

McGill University Montreal (Not working) Ewing duplex 

Dominion Observatory Ottawa Dr. Otto J. Klotz Bosch 

St Boniface Col. (S.J.).. Winnipeg ....O. Rousseau Wieehert 80 k, ■ 

University of Toronto Toronto Dr, R. F. Stupart Grey-Milne 

Meteorological Office Victoria, B.C. . E. B. Reed Grey-Milne 

Grand Trunk Prince Rupert, 

B. C. (Not yet installed) Milne 



MEXICO 

Servicio Seismologico 
Nacional, Dr. Jose G. 
Augilera, Director Tacubaya, 



f F. Patifio y Ordaz.. Wieehert hor. 

1700 k 

H, Camacho. .Wieehert vert. 1300 k. 

M. MufioE Lumbier. .Wieehert hor. 

1000 k. 

A. Pastor y Giraud. .Wieehert hor. 

200 and 125 k. 

R. M. Tello. . f Wieehert vert. 80 k. 

-j Bosch-Omori phot. 

( Schmidt Gravimeter 



^w.>. u.ui. .....«...^.. ^ ^„.,„^.. /Wieehert hor. 300 k. 



/ Wiec 
tWiec 



_ ;o. D. F..Ing. M. E. Pastrana Poey pend. 

Collegio del Estado Puebia F. de P. Tenorio { Con"reras 

Observatorio Leon. G'to Prof. M. Leal ? 

COSTA RICA 
Servicio Meteorologico 

Observatorio Nacional.. San Jose P. Biolley z Ewing duplex 

Private San Jose Prof. Juan Rudin ? 

Instituto Physico San Jose Blackburn pend. 
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UNITED STATES 

Alabama 
Spring Hill Col. (S. J.) ,.. Mobile Rev. Cy. Kuhlmann. . Wkchert 80 k. 

Alaska 
U.S. Coast .-ind Geodetic 

Survey Sitka F. L. Adams 2 Boseh-Omori 

Kletic 

..Tucson L, W. Weed 2 Boseh-Omori 

California 

Lick Observatory Mt. Hamilton.. W. W. Campbell Ewing duplex 

and 3-comp. 

U. S. Naval Observatory. . Mare Island. . T. J. J. See Boseh-Omori 

Mills College Mills College.. Prof. Josiah Keep Ewing duplex 

University of California . . , Berkeley Prof. .\. C. Lawson 

Wiechert 80 k. 
2 Boseh-Omori 100 k. 
Omori tromomeier 
Marvin 

Santa Clara Col. (S. J.). .Santa Clara., .Rev. J. S. Ricard Wiechert and 

vert. 80 k- 

Chabot Observatory Oakland C. Burckhalter Ewing duplex 

Private Los Gatos I. H. Snyder Original duplex 

University of the Pacific. . San Jose Prof. Louis S. Kroeck. Ewing duplex 

Raja Yoga Academy Point Loma...F. J. Dick '.."...West 

COIJ)RAOO 

Sacred Heart Col. (S.J.) .. Denver Rev, Wm. Forslall. .. .Wiechert 80 k. 

Connect [CUT 
Yale University New Haven. . (Not working) . .Boseh-Omori look. 

District op Columbia 
Georgetown University 

Observatory (S. J.). .. Washington , , Rev. F. A, Tondort, ,, Wiechert and 

vert, 80 k. 
Weather Bureau Wnshinglon ., Prof, C, F, Marvin... 2 Rosch-Omori 

Hawaii 
Magnetic Obs. Station, U.S. 
Coast and Geod. Survey. . Honolulu O. H. Gaardcn Milne E.-W. hor. 

Illinois 
St. Ignatius Col. (S.J.) ..Chicago (Not yci installed) ..Wiechert 80 k. 

Kansas 

University of Kansas Lawrence 

St. Mary's College (S.J.).. St. Mary's. 

Louisiana 
Loyola College (S.J.) New Orleans., Rev. A. L- Kunkel. ., .Wiechert 80 k. 

Maine ^"<' ^"'■ 

Private Bath L. S. Metcalt Omori 22 k. 

Marvland 

Johns Hopkins University .Baltimore Prof. H. F. Reid Milne and 

Magnetic Obs. Station, US. Boseh-Omori 

Coast and Geod. Survey. . Cheltenham ..J. E. Burbank.2 Boseh-Omori. look. 
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Massachusetts 

Harvard University Cambridge 

Massachusetts Institute of 

Technology Boston 

Holy Cross Col. (S. J.)- .Worcester . 



Mic 



Uni- 



, Ann Arbor 

Missouri 

St. Louis Universiiy(S.J.) . .St, Louis .. 

Nevada 
Private Carson City. . 

New Jersev 
Princeton University Princeton . . . 

New York 

N. Y. State Museum Albany 

C-inisius College (S.J.) ...Buffalo 

Jesuit College (S. J.) Brooklyn .... 

Fordham Univ. (S. J.) Fordham 

Cornell University Ithaca 

Ohio 
St. Ignatius College (S.J.). .Cleveland .. . 

Pennsylvania 
Swarthmore College Swarthmore . 

Utah 
University of Utah Salt Lake Cily. 

Vermont 
Norwich University Northfield ... 

Washington 
University of Washington . . University Sla 



.Prof. J. B. Woodwortb 

2 Bosch-Omori, loo k. 
. Prof. T. A. Jagger,Jr.2 Bosch-Omori 
.L. J. Haubert Wiechert 80 k. 



.Prof. W. J. Hussey 

2 Bosch-Omori 100 k. 

Wiechert hor. and vert, 100 ':. 
. Rev. J. B. Goesse. . . .Wiechert 80 k, 

.(Not operating) Ewing duplex 

.Prof. W. B. Scott ? 

.Dr. J. M. Clarke 2 Bosch-Omori 

.W. C. Repetti Wiechert 80 k. 

.J. Glover Wiechert 80 k. 

. Rev. E. P. Timan. . , .Wiechert 80 k. 
. Prof. R. S. Tarr. .Bosch-Omori 25 k. 



Wiechert hor. and 1 
Prof. John A. Miller Milne 

Prof. F. J. Pa,ck Boseh-Omori 

Prof. Wm. A. Shaw., (not installed) 



Wisconsin 
Marquette Univ. (S. J.) ... Milwaukee 



^ 



.Prof. H. Landes. .Bosch-Omori 25 k, 

.Rev. R. M. Bacigalupi. Wiechert 80 k. y 



.Rev. J. L. McGeary,. Wiechert 8 



WEST INDIES 

College St. Martial Port-au-Prince 

Magnetic Obs. Station, U.S. Haiti J. Scherer 

Coast and Geod. Survey. . Porto Rico George Hartnel 

Experimental Station Bot- 
anical Gardens Trinidad J. H. Hart 

Kingston. 
Jamaica ....J. F. Brenn.in.. 

CUBA 

College of Helen (S. J.).. Havana Rev 

Cienfuegos . . . Rev 
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SOUTH AMERICA 



BRAZIL 
Observatorio Astronomico. . Rio de Jar 



Arequipa Milnt 

ARGENTINA 
Magnetico... Pilar W. G. Davis Milm 



CHILE* 
Scismological Service of 
Chile — Count Montcssus 
de Ballorc, Direcior Santi; 



Bosch-Omori ; Wiechert hor. and 
vert. ; and Stiatlesi hor. 

iTacna Wiecliert hor., 200 k. 
Copiapo Wiechert hor., 200 k, 
Osorno Wiechert hor.. 200 k. 

I Punta Arenas Wiechert hor, 200 k. 

furnished with Agemen- 

11. Iquique 21. Serena 

12. Juan Femandc7. Island 22. Taica 

13. Lebu 23. Taltal 

14. Mocha Island 24. Tarapaca 

15. Ovalle 25. Temuco 

16. Puerto Montt ^. Toco 
I?. Punta DungencsB 27. Valdlvia 

18. Quillota 28. Vallcnar 

19. San Fernandez 29. Valparaiso 

20. San Filipe 

(The information regarding the stations in Chile i: 
ment of the director, M. Montessus de Ballore, given in 
cio Sismolojico de Chile, vol. I, Santiago, 1909) 



2. Antofagasta 

3. Calama 

4. Castro 

5. Cauquenas 

6. Chilian 

7. Concepcion 

8. Constitucion 

9. Evanjeltsta Island 
ID. II la pel 
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THE NOMENCLATURE OF SEISMOLOCICAL REPORTS. 

By J. B. WOODWORTH 

At present there is inucli diversity among different institutions 
in regard to the use of symols for designating the phases of seismic 
waves and the data derived from their measurement. The adjoined 
scheme, known as the Gottingen nomenclature, lias been kindly fur- 
nished the writer by Dr. Otto Klotz of the Dominion Astronomical 
Observatory at Ottawa, in which institution the system has been 
adopted for its seismological reports. 

Character of the Earthquake. 
/ = noticeable. // = conspicuous, /// = strong. 
d = terrae motus domesticus = local earthqnake (sensible or felt) 
V = " " vicinus ^ near " (under looo km) 

r ^ " " reraotus ^ distant " (looo to 5000 km.) 

M = " " ultimus ^ very distant " (over 5000 km.) 

Phases 
P = undae primse = first preliminary tremors. 
S ^ " secundae = second preliminary tremors. 
L ^ " longs = long waves in principal portion. 
M = " maximse = greatest motion in principal portion. 

C = coila =: trailers. 

F = finis = end of visible disturbance. 

Nature of the Motion. 

t = impetus = beginning. 

e = emersio = appearance. 

T = period = twice time of oscillation. 
A = amplitude of earth movement, reckoned from zero line. 
Ab= E-W component of A ) ,n^a,^,red in microns (m) 
A^= N-S " A \ ' 

The accompanying table presents in parallel columns a synopsis 
of several other schemes which are employed in various publications 
in this country and abroad. 
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I II III IV V VI VII VIII EXPLANATION 

P V, V, I I T P, ist P. T. First preliminary tremors. 
S V, V, 2 II C P, 2d P. T. Second " 
L B \V| 3 III R — — P. P. Long or main waves, 
principal portion. 

M Maximum motion. 

A Amplitude (sec note). 

C . . Tail, end portion, trailers. 

F End (finis). 

. . W, First reflected long waves. 

. . Wj Second reflected long wav 

P Period of a phase. 

I. From the Gottingen system as given above. 

II. From the reports of the Strassburg international station. 

III. Given by Professor Hobbs in "Earthquakes." 

IV. Numerals employed in some Cierman publications. 

V. In reports from Budapest. Hungary. 

VI. In reports from Russia. 

VII. Jesuit Seismological Service. Rev. F. L. Odenbach, S, J. 
Director, Cleveland, O. 

VIII. In some English and Japanese publications. 

Where in the above table no letter is given, some evident abbrevia- 
tion of the term employed is usually given in reports. 

By amplitude is sometimes meant the calculated amplitude of 
motion of an earth particle; in other reports the simple amplitude of 
motion as recorded by the stylus on the record is meant; some reports 
give both, e. g., Budapest. 

The Gottingen designations appear to be employed by the greater 
number of stations; and on the advice of Dr. Klotz they have been 
adopted for future publications from the" Harvard station at Cam- 
bridge, Mass. 
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TEsinLOKKs, Ti-:KRi':Mim)S, inundaciunes y erui*cu>ni;s vulcani- 
CAs liN Costa Rica 1608-1910. Datos compilados por el Lie. CIcto 
Gonzalez Viqiiez. San Jose de Costa Rica. 1910. 8°, illustrated, 200 
pages. 

(EARTligUAKES. EL<K)US, AND VOLCANIC EKUiTIOPJS IN CoSTA 

Ric.\, 160&-1910. Data conipiled by Licentiate Cleto Gonzalez Viqiiez, 
etc.) 

This book is a painstaking compilation of all the available infor- 
mation regarding earthquakes and related phenomena in Costa Rica 
during a period of three hundred years. It includes data collected 
from ancient documents of all kinds, historical writings, newspapers, 
and every other available source. 

The data are divided naturally into three groups: 

First, the early and more or less fragmentary records of destruc- 
tive earthquakes only, covering the period between 1608 and 1851. 

Second, personal observations made without instruments from 
1851 to 1887, inclusive. 

Third, the subsequent systematic and instrumental observations 
beginning with the work of Mr. H. Pittier, Director of the Instituto 
Meterologico Nacional, and the installation of a Ewing duplex pen- 
dulum and a Blackburn pendulum in 1888. 

Among the many interesting things brought out in this work we 
note at p. 69 that Mr. Pittier's data for 1889 show the greatest number 
of earthquakes occurred in the rainy months, that is in May and 
September. At p. 74 Mr. Pittier concludes that the foci of the Costa 
Rica earthquakes are in the region north of the central plateau. 

Of the shocks in 1889 only seven per cent of all had an intensity 
as high as V, R.-F. scale. In 1890 one sJiock reached an intensity of 
VII. while ninety-seven per cent of all were below IV. The detailed 
records show a large number of shocks, but, with few exceptions, they 
are quite feeble. In 1900. for example, 103 shocks were recorded 
(p. 97), only one of which had an intensity of VII. In 1906 the total 
was 182, but none of them reached an intensity of IV. In 1909 the 
number fell to four slight shocks. In 1910 no shocks were recorded 
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during the first two months, but between March 1st and October 24th 
there were 481 shocks recorded, one of which destroyed Cartago. A 
report kindly sent to the reviewer by Senor Pablo BioUey of the 
National Observatory, shows that during the remainder of 1910 there 
were recorded 25 additional shocks, all of low intensity, making the 
total for that year 506. 

One of the most interesting papers in the volume is that by Seiior 
Anastasio Alfaro, Director of the National Museum at San Jose. It 
deals with the effects of the earthquake of May 4, lyio, — the one 
that destroyed Cartago. 

It is difficult to resist the temptation to quote extensively from a 
paper of so much dramatic and scientific interest, but lack of space 
forbids at present. On the subject of the possible relations of the 
Costa Rica earthquakes to faults, Sefior Alfaro appears to think that 
the bulk of the evidence gathered in that country favors the volcanic 
rather than the tectonic theory of their origin. 

A general conclusion brought out by the data of the book as a 
whole is that "the epoch of greatest activity of our (volcano) Irazu 
was in 1723 and that of Turrialba was in 1864, and in those years 
there were no earthquakes of even average importance. On the other 
hand when in 1822, 1841, 1888, and 1910, we had genuine earthquakes, 
these volcanoes have been inactive." 

The publication of this valuable contribution to seismology was 
made possible by the eflforts of Professor J. Fidel Tristan of San Jose, 
Costa Rica, who not only did everything in his power to get together 
the data, but raised the necessary funds for its printing. The book 
contains reproductions of many photographs showing interesting 
volcanic eruptions, and earthquake damages. Such a work is a great 
credit to any country, and shows that the people are dealing intelli- 
gently with the problems imposed upon them by nature. 

J. C. BRANNER. 



Report on the harvard seismographic station. By J. B. 
Woodworth. Reprint from the Annual Report of the Curator of the 
Muesum of Comparative Zoology, 1908-09, pp. 28-32. 

Second annual report of the harvard seismographic station. 
By J. B. Woodworth. Reprinted from the Annual Report of the Cura- 
tor of the Museum of Comparative Zoology for 1909-10. Cambridge, 
Mass., 1910, pp. 27-34. 
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These two reports from the Harvard seismographic station con- 
sist chiefly of formal tables and accompanying notes of the shocks 
recorded by the two Bosch-Omori seismographs during the years 1908- 
09-10. The first one reproduces the e.-w, component of the record of 
the Acapuico shock of July 30, 1909. Among the interesting and 
valuable data given in the second report is a chart designed by Pro- 
fessor Woodworth, and based upon Laska's rules, to facilitate the work 
of ascertaining the epicenters of distant earthquakes. This table is 
available for use at any station. J, C. B. 



Observation.^ on the earthquake in the upper Mississippi 
VALLEY, May 26. 1909. Hy J. A. Udden. Reprinted from Transactions 
of the Illinois Slate Academy of Science, III, 1910, 

Professor Udden 's paper is an interesting and valuable illustration 
of a method of study of an earthquake where the only data available 
are personal observations and newspaper reports, and even when the 
intensity nowhere exceeds VII R.-F. scale. By bringing together these 
observations he was able to locate isoseismals over an area eight hun- 
dred miles in diameter, lying mostly in the states of Illinois, Iowa, and 
Wisconsin, The area of the highest intensity (about VII R.-F.), forms 
a T-shaped belt extending from Bloomington, Illinois, on the south, to 
Kenosha, Wisconsin, on the northeast, and nearly to Platteville, 
Wisconsin, on the northwest. Remarks tending to discredit the value 
of newspaper reports of earthquakes are well met by the author's 
reply to the effect that such data "must be taken for what they are 
worth and should be used with common sense discretion." The same 
earthquake was described by Professor Udden in Popular Science 
Monthly for August, igio. J. C. B. 



THE SEISMOLOGIC SERVICE OF CHILE 

The first number of the Boletin del Servicio Sismolojico de Chile 
was published at Santiago de Chile in 1909 under the supervision of 
Count Montessus de Ballore, the distinguished seismologist, and at 
present the Director of the Seismological Service of Chile. The first 
number makes a brochure of two hundred pages, and, to the seismolo- 
gist, it is full from cover to cover of interesting and instructive matter. 

The first article is an object lesson of so much value to the 
geologists of North America, especially to those of us who live in the 
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part of the country where earthquakes are trequent, that we give a 
translation of most of the first three pages. 

We also reproduce on a small scale, as a frontispiece, an outline 
map of Chile, to show the distribution of the stations established, by 
the Scismological Service in that country. 

We cannot refrain from expressing our personal conviction of the 
wisdom of Chile's action in establishing a seismolt^c service, in the 
choice of a director of the highest reputation as a seismologist, and of 
the admirable way in which the director has gone about his duties. 
J. C. B. 

Extract from an article in the Bolelin del Scrvicio Sismoiojtco de 
Chile I., by M. Montessus de Ballore, Director of the Seismologic 
Service of Chile. 

ITic Valparaiso earthquake of August 16. 1906, shook up public opinion in 
Chile and showed Ihc people at large, as well as Ihe representatives of the 
govcrnmenl, the absolute necessity of developing in this country the study of 
seismic phenomena, which arc probably its most characteristic natural feature. 
The importance of papular instruction in regard to methods of construction to 
withstand earthquakes was also vividly rcali^.ed, and that is a part of seismology 
which has been completely ignored up to this linic, and from which came a 
large pari of the damage caused by thai terrible event. In a word, it was 
realized thai Chile could not do without a seismologic service similar to those 
established in most earthquake countries. 

Don Valentin Letelicr, Rector of the University, realizing the duty thrit 
rested upon him as head of higher education, proposed to the Council of Public 
Instruction in its session of November 9, igo6, the establishing of a seismologic 
service and the appointment of a European seismologist, who, besides making 
the requisite scientific observations, should be entrusted with giving instruction 
to students of architecture and engineering in the principles of constnietion in 
countries subject to earthquakes. This proposition having been adopted by the 
Council, the plan was finally enacted as a law, and the present director of the 
service came to Chile toward the ciid of September, 1907. 

After certain preliminaries the seismologic service was organized by decree 
of June 9. 1908. ... It will be sufficient to say that it was decided to 
establish one central observatory of the first order in Santiago for the observa- 
tion of earthquakes, both in this country and at .1 distance. 

Four stations of Ihc second order established at Tacna, Copiapo, Osorno. 
and Punta Arenas, each provided with a hoirzontal Wicchert pendulum of 200 ■ 
kilos, will serve for observing local and nearby shocks, while twenty-nine stations 
of the third order, each provided with an Agamennonc seismoscope, will 
permit observations upon local shocks. 

The stations of the second order are established in the preparatory schools, 
and those of the third order arc according to circumstances, in charge of the 
instructors in Ihc schools or of keepers of light-houses. 
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The Central Seism ological Station at Santiago will supervise all observa- 
tions, and its personnel includes the Director, an assistant, and a secretary who 
will also act as draftsman. The last two have been chosen from the older 
students of the School of Arts and Sciences at Santiago, so that they can 
attend to the apparatus with the necessary skill, and will be able to take them 
apart whenever they require cleaning or repairs. 

An annual bulletin is published in the annals of the university. Twice a 
year the Director addresses to the Rector of the University a general report on 
the operations of the preceding half-year and on the general progress of the 

The central observatory has been established in a tunnel in the park of 
the Santa Lucia mountain, and the work of installation, begun in January 190S. 
was finished in March igog. . . , Meanwhile the Copiapo and Osorno stations 
were established between September 1908 and February tgog. 

But it is not enough to register local or regional earthquakes or distant 
ones ; as we know, observations of heavy shocks or those made without apparatus 
are just as important as those obtained by means of seismographs. This paVt 
of the service has been considered wilh the care it merits. Immediately after 
the earthquake and under the pressure of public opinion already alarmed by 
the frequency and intensity of consecutive shocks, the administrative authorities 
directed the telegraph operators of the slate to report by wire strong earthquake 
shocks felt in their towns. 

These employees are charged wilh certain meteorologic observations which 
they telegraph daily to the weather bureau of the Quinta Norrtial at Santiago, 
and every month they send in detailed reports. Earthquakes are added to the 
phenomena on which they are to report. Thus, wilh the active help of the 
weather bureau there has already been established and is in working order a 
service for macroseismic observations. 

For many years the Hydrographic OfRce of the Navy has published a 
meteorological annual, the observations for which are made by the keepers of 
light-houses scattered along the coast of Chile from Ariea to Punta Dunginess 
and include observations of earthquake shocks. 

It therefore only remained to give further development to this organization, 
and this was begun by extending it to the station masters of the government 
railways, which was readily done in March 1909, wilh the cordial support of 
Sr. Huet, the Director General. The same will also be done with the principals 
of the primary schools. Finally, many private individuals have spontaneously 
offered their services in this connection. . . . 

On the iSlh of April, 1909. a course in seismology as applied to construc- 
tion was begun in the University for the benefit of students of architecture 
and engineering. 

The Pan-American Congress held at Santiago December 25, 1908, was 
utilized to establish olhcial afireements with the delegates of neighboring 
republics, Argentina, Bolivia and Peru, for the purpose of forming a South- 
Andean Seismological Association so that in thc^c four countries earthquakes 
may be observed according to a common plan. 
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THE SEISMOLOGICAL SOCIETY OF AMERICA 

The California earthquake of April 1906 created an intense inter- 
est in the subject of seismology, and as one of the results the scientific 
men of the western coast, interested in the subject, organized a society ; 
and, wishing to make it of more than local scope, gave it the name of 
the Seismological Society of America. The Society was incorporated 
under the laws of the State of California, San Francisco being desig- 
nated as the principal place of business. A board of twelve directors 
is elected annually in April and these choose their own oflicers who 
are also officers of the Society. 

Thus far the Society has been able to do but little to justify the 
name which it has assumed. All the men concerned in its organization 
have active duties in other lines, there being no such thing at present 
as a chair of seismology or a department of seismolf^y in any Ameri- 
can university. From the beginning the Directors have considered that 
the issuing of a publication should be one of the chief functions of 
the Society, but its membership has been small, its financial resources 
consequently meager, and the Directors could not see their way clear 
to assuming the financial burdens of a publication. However, at a 
meeting of the Board of Directors held December 15, 1910, it was 
unanimously decided that something in this line must be done, and it 
was thought that, if a decided effort were made to increase the mem- 
bership, sufficient income could be obtained to support a quarterly 
publication. A committee on publication, consisting of J. C. Branner, 
A. C, Lawson and S. D. Townley, was appointed and as a result of 
their efforts the first number now appears. 

The membership has already been increased by over one hundred, 
and all members of the Society are earnestly requested to help in still 
further increasing the membership, in order that the publications may 
be made of the greatest usefulness. 

The dues have been placed low, ($2.00 per year, life membership 
$25.00), and the Bullktin is to be sent free to all members. Inquiries 
concerning the Society or its publications and names proposed for 
membership shonld be sent to the Secretary, S. D. Townley, Stanford 
University, Cal. 
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REPORTS OF EARTHQUAKES 

In the study of individual earthquakes, one of the most important 
things to be determined is the center or origin of the shock. This 
could be obtained from instrumental records if the country was pro- 
vided with a complete system of seismographs properly distributed 
and coordinated. In the absence of such a system we must depend, 
for the present at least, upon the reports of interested persons feeling 
the shocks. Members of the Society are therefore ui^ed to make 
records of all earthquakes felt by theni and to send the records to the 
Secretary. It is not necessary to make an elaborate report. Tlie two 
main points to be determined in any earthquake are the time of its 
occurrence and its intensity. The time should be recorded to the nearest 
minute. (More accurate records of time are of course desirable if 
they can be obtained.) The intensity should be estimated on the 
Rossi-Forel scale which will be found printed on the last page of each 
issue of the Bulletin. 

If the members of the Society would take the trouble to make 
these simple observations and send in the records it would help greatly 
in.the study of these phenomena. 

Send all communications to the Secretary. S. D. Townley, Stan- 
ford University. California. 
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In our next mmibcr we hope to give lists of earthquake records 
of a large number of American stations for the year 1910, 

The American Philosophical Society of Philadelphia has appointed 
a committee to memoralize congress with a view to establishing at 
Washington a national earthtjuake laboratory. 

There will be a meeting of the International Association of Seis- 
mology on July 18, iQii at Manchester, England. All interested in 
the meeting are invited to communicate with Professor Arthur Schus- 
ter, F. R. S., Manchester, 

Professor Harry Fielding Reid of Johns Hopkins University will 
give eight lectures on seismology and related subjects at the University 
of California between March 28 and April 6, 191 1. The following 
topics will be treated in his lectures : 

General characteristics of eartlK|uakes. Sudden application of 
forces necessary to cause them. Elastic forces. Slow earth -movements 
and the strains and stresses produce<l. Rock folding and faidting, geo- 
logic and seismic. Sudden earth movements and their narrow limits. 
Influence of the plastic and elastic qualities of rock. 

Origin and propagation of earth<|uake waves. The hodograph. 
Paths of the waves. Deductions as to the earth's interior. The amount 
of energy in an earthquake and its distriution over the earth's surface. 
Geographical distribution of earthquakes. Periodicity. Prediction of 
earthquakes. 

Practical study of earthquakes. Observations in the field, Col- 
lection of information. Time and intensity. 

Isoseismals. The influence of the foundation. Determination of 
epicenter, depth and time of occurrence. The examination of a seis- 
mogram, and the comparison of seismograms. The theory of seismo- 
graphs. Building in earthquake regions and the protection from earth- 
quake damage. 
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MINUTES OF THE MEETING OF THE BOARD OF DIRECTORS OF 

THE SElSMOLOGiCAL SOCIETY OF AMERICA, 

DECEMBER is. 1910. 

The meeting was called to order by President BramH-r at 4 p.m. in Rooi>i 
1404, Merchants' Exchange Building, San Francisco. Directors Bramicr, Law- 
son, Louderback and McAdie were present. 

Dr. S. D. Townlcy was elected secretary pro teni. The minutes of th^' 
meeting of the Board held on September 16th were read and approved. 

The President appointed the Scientific Committee, to consist as follows : 
C. Derleth. Jr., A. C. Lawson, J. N. LeConle, G. D. Louderback, F. L. Odenbacli 
and H. F. Reid. The President is ex offirio a member of the committee. The 
finance committee was appointed, to consist of A. G. Mc.Adie, chairman, J. N. 
LeConte, and the Secretary. The auditing committee was also appointed, 10 
consist of G. D. Louderback, chairman, C, Derleth, Jr.. and the Secretary. 

The retiring secretary reported that the Society has $274.17 in the general 
account and $234,50 in the savings account, $225,00 of the laiter amount con- 
stituting a permanent fund of the dues paid by life members. 

Following some remarks by President Branncr concerning the policy of th<; 
Society, and after some discussion of its financial status, il was decided, by r 
motion duly seconded and carried, to collect the dues for the fiscal year 1910-11 
but not to collect those for 1909-10. no notices having been sent out owing to the 
illness of the former secretary. 

It was moved, seconded and carried that the President and the Secretary 
be appointed a membership committee to secure additional members. 

Professor Lawson brotight up the matter of securing funds (or the purpose 
of establishing three lines of monuments across the San Andreas Rift, Upon 
motion of Professor McAdie, duly seconded and carried, a committee of three 
consisting of the President, Professor Lawson and the Secretary, was appointed 
to confer with the Board of Trustees of the California Academy of Sciences in 
regard to the possibility of obtaining from that body a contribution of $5000.00 
(or the purpose named. 

The matter of starting a publication of the Society was di-icusicJ at .'ome 
length, and it was the opinion of all present thai this should be done. The 
President, the Secretary and Professor Lawson were appointed a committee on 
publication, upon a motion duly seconded and carried. 

Six persons were elected to membership in the Society, as follows ; Mr 
Joseph D. Grant, San Francisco, Cal. ; Professor William Libbey, Princeton, 
N. J.; Professor V. F. Marsters. Lima, Peru; Mr. H. L. Middleton. Boulder 
Creek, Cal.; Mr. Robert W. Sayles, Cambridge, Mass.; Mr. D. G, Scofield, San 
Francisco, Cal. 

Mr. H. O. Wood made a few remarks concerning the seismographs re- 
cently installed at Berkeley, and Rev. Father Rieard some remarks concerning 
the mathematical formulae for the reduction of scismt^rams. 

The Board adjourned at 5 :20 o'clock. 

S. D. TOWNLEV, Secretary pro tern. 
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ROSSI-FOREL SCALE OF EARTHQUAKE INTENSITIES 

I. Microseismic shock: recorded by a single seismograpli or by 
seismographs of the same model, but not by several seismo- 
graplis of different kinds ; the shock felt by an experienced 
observer. 
II. Extremely feeble shock: recorded by several seismographs 
of different kinds ; felt by a small number of persons at rest. 

III. Very feeble shock: felt by several persons at rest; strong 

enough for the direction or duration to be appreciable. 

IV. Feeble shock: felt by persons in motion; disturbances of mov- 

able objects, doors, windows; cracking of ceihng. 
V. Shock of moderate intensity: felt generally by every one; 
disturbance, furniture, beds, etc., ringing of swinging bells. 
VI. Fairly strong shock: general awakening of those asleep, gen- 
eral ringing of bells ; oscillation of chandeliers ; stopping of 
clocks ; visible agitation of trees and shrubs ; some startled 
person.s leave their dwellings. 
VII. Strong shock: overthrow of movable objects; fall of plaster; 
ringing of church bells; general panic, without damage to 
buildings. 
VIII. Very strong shock: fall of chimneys, cracks in walls of build- 
ings. 
IX. Extremely strong shock: partial or total destruction of some 
buildings. 
X. Shock of extreme intensity: great disaster, ruins, disturb- 
ance of the strata, fissures in the ground, rock-falls from 
mountains. 
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SURFACE MEASUREMENT OF EARTHQUAKE DISPLACE- 
MENT. 

Bv Alexander G. McAwe. 

Aside from the records obtained by seism<^raphs, whose proper 
function is to register the elasticity waves transmitted through the 
earth, records of surface displacements may be obtained by geodetic 
measurements. For nxany years Professor George Davidson, the 
first President of the Society, held the opinion that certain discrepancies 
in geodetic work, in the vicinity of Mount Tamalpais. might be 
explained on the assumption of a slight displacement due to earth- 
quake or other causes. He believed that the triangulation data made 
before and after 1868 showed such displacement. In 1905 at his 
request a re -examination was made at the Coast and Geodetic Survey 
office and the conclusion was reached that a real displacement of Mount 
Tamalpais occurred in 1868. .\fter the earthquake of April 18, 1906, 
a redetermination of the position of many points near San Francisco 
l>ecame necessary and representatives of the Coast Survey spent nearly 
a year in such work. Between July 12, 1906, and July 2, 1907, a new 
triangulation was made of California from Mount Toro in Monterey 
County to Ross Mountain in Sonoma: i.e., over an area approximately 
270 kilometers (170 miles) long and 80 kilometers (50 miles) wide 
at its widest part. 

In Appendix 3 of the Coast Survey Report for 1907, Hayford and 
Baldwin discuss in detail the results of the work done. 

The writer is not aware of any previous piece of triangulation 
work on so large a scale carried out immediately after an earthquake — 
in a region where previous trustworthy data were available for com- 
parison. As a result of the new measurements it is reasonably certain 
that Mount Tamalpais moved in i868 and also that the Farallon Light 
House and Ross Mountain moved at the same time. The displace- 
ments are clearly beyond the range of triangulation errors. In brief, 
in 1868 a region of at least 700 square miles moved about 1.5 meters 
(4.9 feet) about in azimuth 168° (12° W. of N.). 
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"In the earthquake of 1906. points on opposite sides of the fault 
moved in opposite directions ; those to the eastward of the fault in a 
southerly direction and those to the westward in a northerly direction 
Second, the displacements of all points were approximately parallel 
to the fault. Third, the displacements on each side of the fault 
were less the greater the distance from the fault. Fourth, for points 
on opposite sides of the fault and the same distance from it, those on 
the western side were displaced on an average about twice as much as 
those on the eastern side."* 

A similar triangulation for stations south of San Francisco con- 
firms the general results given above, though the relative displacements 
on opposite sides of the fault and near to it are less than for points 
at a similar distance from the fault in the northern group of stations. 

One rather unlocked for outcome of the triangulation was the 
discovery that as a combined result of the earthquakes of 1868 and 
igo6, the distance between Mount Tamatpais and Black Mountain is 
increased three meters ( 10 feet). The Golden Gate hes between these 
points. The distance is 79 kilometers (49 mites) and the lengthening 
therefore amounts to one part in 26,000. 

After the earthquake of 1906, the State Commission through funds 
provided by the Carnegie Institution erected certain monuments for 
the purpose of detecting future slips on the fault. A detailed descrip- 
tion of these can be found in Professor H. F. Reid's volume (No. 87 
of the Publications of Carnegie Institution). 

The Seismological Society has had a careful survey of these 
monuments made during May, 1911, after an interval of nearly five 
years. The same engineer who made the first survey, Mr. B. A. 
Baird, made the second measurement and a resume of his results is 
pubhshed in this Bulletin. The Society met the incidental expenses, 
while the Board of Public Works of San Francisco authorized the 
City Engineer, Dr. Manson, to detail Mr. Baird for the purpose. 

Professor Lawson has proposed that a series of monuments should 
be erected across the San Andreas rift at suitable places and their 
positions carefully determined at certain times. He would have these 
extend at lea.st twenty miles on either side of the rift and be composed 
of stable concrete piers spaced not more than two miles apart. In 
the opinion of the Committee to whom the matter was referred there 
should be at least three lines of monuments, one near the head of 
Tomaies Bay, one near the south end of the Bay of San Francisco 
and one crossing the rift where it traverses the south side of Mojavc 
Desert. 

'Coast and Geodetic Survey Report, 1907, Appendix 3, page 8a. 
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PRELIMINARY REPORT OF MEASUREMENTS OF THE 

EARTHQUAKE MONUMENTS IN MARIN AND 

SAN MATEO COUNTIES FOR THE SEISMO- 

LOGICAL SOCIETY OF AMERICA 

MAY, 1911 

By B. A. BAiRa 

To the Seismological Society of America: 

I have the great pleasure of submitting for your consideration the 
following preliminary report of the re- measurements of the Farth- 
quake Monuments in Marin County and in San Mateo County, 
established and first measured in 1907 by The State Earthquake 
Investigation Commission. The descriptions of these monuments and 
the report of the first measurements will be found in the Report of 
the State Earthquake Investigation Commission, pubhshed by the 
Carnegie Institution of Washington in 1908, Vol. i, Part i, page 152. 

The same theodolite was used in the work just completed (May, 
191 1 ) that was used in 1907, and the methods were substantially the 
same. 

At Olema, the three sides of the triangle S. W. Mon. — N. W. 
Mon. — S. E, Mon. were measured with a steel tape, as in 1907. In 
1907, these three measurements were taken as the best measures of the 
three sides of this triangle, and then the N. E. Monument was referred 
to the other three by means of a Least Square adjustment. In the 
present case, however, the closing of the triangles (the difference 
between the sum of the three angles and 180° in any triangle) was 
much better than in 1907, but the base-lines were not measured luider 
as good conditions. For this reason, the base N. W. Mon. to S. W, 
Mon. was selected as giving mean results, and from this the other two 
bases were computed from the observed angles. A Least Square 
adjustment of the quadrilateral was then made, using as a basis the 
direct measure of the line N. W. Mon. to S. W. Mon. and the means 
of the measured and computed lengths of the lines N. W. to S. E. 
Mon. and S. W. to S. E. Mon. 

At Crystal Springs Lake, the angles observed were so nearly the 
same as those of 1907, that it was considered unnecessary to measure 
a base-line. The ori^nal base-line here was measured under great 
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difficulties, owing to the crossing of ravines and the climbing of 
steep embankments. A new base-line measured under the same 
conditions, especially if. a different tape were used, might indicate 
discrepancies where no real change had taken place ; or in other words, 
the precision of measurement through the angles with the instrument 
used was considered to be far in excess of that of the tape measures 



■\N.£.Mon. 



Note. — Distances above the lines arc 

measurements of 1907. Those below llie 

lines are for 1911. Bolb sets arc tbt- 

results of the Least Square Ad just - 

K'ven are in feel. 




Fig. I— CuvsTAi, Springs Lake F'S- 2— Olema. 

under the conditions. Besides, the water of the lake was much 
higher than in 1907, and abotit one-half of the original base-line was 
under water. 

As a base for computation, the line N. E. Mon. to S. E. Mon., 
being on high ground, and noi crossing the Fault Line, as well as 
being a long line, well suited for computation, was taken. With this 
base, using the distance 916.008 feet (the computed distance given 
in 1907 by both the ordinary field method and the Least Square 
adjustment), the remaining sides were computed. A Least Square 
adjustment of the quadrilateral was then made, using the same base. 
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As in 1907, however, the closing of the triangles was so close that the 
two methods gave practically the same resntts. 

Comparison of Results. — At both Olema and Crystal Springs 
Lake, there have been, without doubt, some small changes. The 
figures 1 and 2 give the measurements of 1907 and those of 191 1 
based on the Least Scjuare reductions, as indicated above. 

At Olema, the line N. E. Mon. to S. E. Men., being on high 
ground, comparatively, and being much farther from the Fault Line 
than the line N. W. Mon. to S. W. Mon., shows no change. The N. W. 
Mon. appears to have moved about 0.02 feet to the southward. This 
movement can be most rea<lily accounted for, however, by the fact 
that, as the sketch shows, the monument is practically on the edge of 
the Fault Line — too close to be free from the local settlement so apt to 
take place along the broken edge of this rupture. The lengths of the 
two Hnes S, W. Mon. to N.E. Mon. and S. W. Mon. to 5. E. Mon. 
prove that the S.W. Mon., which is much farther from the Fault Line 
than the N. W. Mon., has not moved correspondingly to the southward, 
and there is not the slightest evidence of any slipping or creeping 
along the Fault. These two distances indicate, however, that a slight 
closing in toward the Fault Line has probably taken place. 

At Crystal Springs Lake, there seems to have been a closing in 
toward the Fault Line of about 0.02 feet at the north end, and about 
o.oi feet at the south end. The longitudinal distances, however, are 
within a few thousandths of a foot of the original measures, and there 
-seems to be no evidence of slipping. The closing together toward the 
Fault Line, of a small amount, can be explained as the direct result 
of the enormous pressure of the crust of the earth in bringing 
together once more those portions that must, of necessity, have been 
forced apart, to a certain extent, by the irregularities of the slipping 
walls, and the hardness of projecting rock surfaces. 

Careful leveling showed all the monuments to have the same 
relative elevations as in 1907, with but one exception. The S. W. 
Monument has settled about 0.05 foot. This may be simply a local 
settlement — no theory other than this is ventured. 

Astronomical observations were ma<le for latitude and azimuth 
at both places. The results of this work will be taken up in the final 
report. Respectfully submitted, 

B. A. BAIRD, 

Assistant Engineer, Bureau of Engineering, 

City and County of San Francisco. 
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IMPRESSIONS REGARDING THE RELATIONS OF 

SURFACE GEOLOGY TO INTENSITY IN THE 

MENDOZA. VALPARAISO, KINGSTON AND 

SAN FRANCISCO EARTHQUAKES. 

Bv J. C. Branneb. 

I had the good fortune to experience the San Francisco earth- 
quake of April i8, 1906, and immediately thereafter to observe its 
effects over a large part of the surounding country. It was evident 
at once that within certain limits intensity was localized, and that 
away from the local fault it was, to a great extent, a matter of surface 
or near surface geology. 

The study undertaken by Professor F. J. Rogers and described 
by him at pages 326-335 of vol. I, part 2, of the "Report of the State 
Earthquake Investigation Commission" seemed to point clearly to the 
reason for the local differences in intensity, that is incoherent materials 
of considerable depth and containing water enough to cause the mass 
to move readily. Professor Rogers' results were published in 1901^, 
but they were known to me when I went to South America in May. 
1907. His conclusions seemed so important and so far-reaching that 
I made a point of visiting two places in South America and one in 
the West Indies note<l for recent violent earthquakes for the purpose 
of determining whether or not there was a similar localization of 
intensities in those cases, and if so, whether they were to be explained 
by the theory suggested by Professor Rogers' studies. 

The places visited were Mendoza in the Argentine Republic, 
where there was a very destructive earthquake on March 20, 1861 ; 
Valparaiso in Chile, where there was one August 16, 1906; and 
Kingston, Jamaica, where they had a violent shock January 14, 1907. 

Meiidosa, Argentine Republic. — The Mendoza earthquake has been 
reported as having been so appalling that one instinctively suspects 
the language of being highly extravagant. Perhaps the most com- 
prehensive description of it is that given by Dr. Dot, Wenceslao Diaz, 
in the Anales de la Universidad de Chile in 1907. That author says 
that according to the census of 1857 Mendoza ha<l 8,678 inhabitants, 
and he thinks that 3,000 may have survived, a large part of whom were 
residents of the suburbs. This is equivalent to a mortality of sixty-five 
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per cent, without taking into account the injured. Tiie percentage 
would be somewhat increased if we assume an increase of population 
in the four years between the taking of the census and the earthquake. 



Dr. Domeyko's estimate is that 6,000 perished ; this would make the 
mortality sixty-nine per cent.* 

The Mendoza earthquake seems therefore to have been the most 
destructive of modem times. 

On visiting that city in 1908. and having in mind Professor 
Risers' theory of the relation of water and incoherent materials to 
intensity, it was at once evident that the geologic conditions in the 
■Comptes Rendus, 53, 1148. 
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vicinity were altogether favorable to local high intensities. Mendoza 
stands at the eastern base of the An<les, and within sight of its snow 
capped summits where the perennial Rio Mendoza from the high 
mountains debouch upon the gently sloping plains that extend thence 
to Buenos Aires, 9 distance of a thousand kilometers. The (litche;; 
and trenches in the vicinity of the city show everywhere the materials 
to be heavy .fubangular fragments of igneous rocks, sandstones, 
gravels, and coarse sands washed down from the mountains, and 



into these beds the mountain streams rapidly sink. Just east of the 
city is a great marsh shown In the map on page 39, which has 
been prepared from the larger map accompanying the paper of Dr. 
Diaz. This marsh seems to have been a lake formerly, at least it i.s 
shown on some of the old maps as a lake. .\ considerable open stream 
flows through the heart of the city. Altogether it seems clear that 
there is much water in the ground beneath the region, and that the 
materials are incoherent. In the vicinity of the ruins of the former 
city 3 passing wagon causes the ground to tremble strongly. 

The buildings of the city at the time of the earthquake of 1861 arc 
said to have been mostly one story adobe houses. The churches were 
also of adobe bricks, and the walls were very thick. My notes show 
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that the walls of the ruins that still stand are six feet thick in places. 
Two of the churches stood within 300 feet of the creek. 

The mountains immediately west of Mendoza are full of faults 
and folds and extinct volcanoes, but where the center of the distur- 
bance was at the time of the Mendoza earthquake is not certainly 
known. The shock that destroyed Mendoza was sharply felt over a 
wide area extending to the Pacific on the west and to Buenos Aires 
on the east.* The map accompanying Dr. Diaz's paper shows three 
areas of high intensity, besides that of the city of Mendoza, but the 
text itself shows that the distribution of high intensity was very 
irregular though apparently confined chiefly to the loose materials of 
the plains or mountain valleys. One of these areas is on the plains 
about L'spallata half way between Mendoza and the pass over the 
Andes. But the Uspallata plain is a flat-floored mountain valley filled 
to a great depth with loose water-soaked materials, and it seems 
probable that the high intensity at Uspallata was due to these local 
favorable conditions. 

The great loss of life at Mendoza is to be attributed to high 
intensity <lne to water in the incoherent deep gravels on which the 
city was built in combination with the character of the buildings, 

Valparaiso, Chile. — The Valparaiso earthquake of August 16, 
1906, was not nearly so impressive as that of Mendoza, so far as the 
loss of life was concerned. Using the data given in the book by 
Rozas and Cruzat, "La Catastrofe del 16 de Agosto de 1906 en La 
Republica de Chile," there were 3,764 deaths, which in a population 
estimated at 143,000 is 2.5 per cent. Yet it seems to be generally 
supposed that the area of highest intensity was at and about the city 
of Valparaiso. Maps showing the dis'tribution of intensity are given 
in the paper of L. L. Zegers entitled, "El terremoto de 16 de Agusto de 
1906," published in the Analcs de la Universidad de Chile, Santiago, 
1906; in the book by Rozas and Cruzat mentioned. above; by Rudolph 
and Tarns in their "Seismogramme des nordpazifischen und sudamer- 
ikanischen Erdbeben am 16 August, 190C," Strassburg, 1907; and it 
appears also in the data given by Dr. H. Steffen in his "Contribuciones 
para un estudio cientifico etc.," pubhshed in the Anales de la Universi- 
dad de Chile, Santiago, 1907. 

Herewith Is reproduced a small plan of Valparaiso given origin- 
ally in "La Catastrofe de 16 de Agosto de 1906 en La Republica de 
Chile," A. R. Rozas y C. G. Cruzat, Santiago. 1906. This map was 
■Ignace Domeyko in Comptes Rendus, 53, 1148-iiSa 
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evidently prejjared without any bias in regarti to geological theories 
of earthquake intensities. Yet it confirms in a remarkable manner the 
theory of the important relations of intensity to subsoil conditions. 

The city of Valparaiso is built upon loose materials that fill the 
landward end of the original bay, and extends up the faces of the sur- 
rounding hills of massive eruptive rocks on all sides. The map shows 
that the low flat land made of loose materials and filled with water was 
the area of high intensity, and the contrast between the high intensity 



of this low ground and the low intensity of the high ground was still 
perfectly evident on all sides when I visited Valparaiso in February, 
iyo8. 

One point regarding local intensities not shown on this map is 
that the suburb Vina, del Mar, a few miles north of Valparaiso, was 
very violently shalcen. At that place, however, most of the houses 
stand upon flat ground of incoherent materials, but little above sea 
level, and into this material it is evident that much of the water from 
the mountains runs. 

I was unable to learn of any faulting being apparent at the surface 
of the ground in the region about Valparaiso, and verbal descriptions 
show that within a wide area about Valparaiso, houses, villages, and 
cities located on loose water- soaked materials everywhere showed 
higher intensity than the neighboring areas of hard rocks. 
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It is worthy of note in connection with this subject that most of 
the cities of western South America are built upon the loose materials 
at the base of the mountains, ami many of them are so near the ocean 
level that there can be little doubt about the presence of water in these 
materials. This is strikingly true of Callao; and Lima, though con- 
siderably higher than Callao, stands upon a plain of incoherent water 
filled materials. 

Kingston, Jamaica. — The loss of life in Kingston, Jamaica, at the 
time of the earthquake of January 14, 1907, was only about i.G per 
cent. The city is built upon an alluvial fan that slopes gently seaward 
from the base of the high mountains a few miles north of the city. 
The town known as Port Royal stands upon a long slender spit that 
rises but little above tide level. I have not been able lo obtain a map 
showing the distribution of intensities at the time of the earthquake 
of January, 1907, but inquiries made by me in that city in March, 1908, 
show that it is a matter of common information that the serious damage 
done by that earthquake was confined to the low ground, apparently 
of incoherent materials, and near the water. The sinking of the ground 
al Port Royal was, in my opinion, similar to the slumping of banks 
in alluvial grounds along streams of which we had so many illustrations 
in CaHfornia at the time of the San Francisco earthquake in 1906. 1 
find in my note-book that at the time of my visit to Kingston, I was 
impressed by the evidences of greater intensity of the Kingston earth- 
quake than of those of either Valparaiso or San Francisco. 

San Francisco, California. — To those who are familiar with the 
evidences of varying intensities in the region affected by the San 
Francisco earthquake of 1906 nothing is clearer than that the charac- 
ter of the ground was a determining factor in the distribution of 
intensities away from the fault where it originated. The existence of 
water in the ground and the influence of that water were only clear 
after Professor Rogers' results were known. The atlas accompanying 
the report of the State Earthquake Investigation Commission should 
be examined in this connection. The distribution of intensities in the 
city of San Francisco are satisfactorily explained by reference to the 
influence of incoherent materials containing a certain amount of water. 
The areas of high intensity at various distances from the fault that 
produced the earthquake, such as Santa Rosa, San Jose, Willi ts. 
Los Banos, Femdale. and Salinas, are satisfactorily accounted for 
on the same theory. 
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THE EARTHQUAKE OF SOUTHEASTERN MAINE 

MARCH 21, 1904 

By Harky Fieldikg Rbid. 

At 1 :04 a.m.. Eastern Standard Time, on March 21, 1904, an 
earthquake occured with its origin in southeastern Maine somewhere 
in the neighborhood of latitude 45° N and longitude 67° 30' W. 
The shock was severe enough to cause the overthrow of some chim- 
neys at Calais and Eastport, Maine, and at St. Stephens, New Bruns- 
wick. It was felt generally throughout the Maritime Provinces of 
Canada, except the eastern end of Nova Scotia, and throughout New 
England, the intensity diminishing in general with the distance from 
the center, though apparently not regularly. 

Many lists of questions were sent out and newspaper reports 
were collected in New England, and in the Maritime Provinces of 
Canada. I am indebted especially to Professor J. Edmund Wooilman 
of Halifax and I>r. F. A. Mackay, Superintendent of Education of 
Nova Scotia, for information regarding the shock in Nova Scotia. 

The shock began gently and reached its maximum in ten or 
fifteen seconds and died down a few seconds later; some persons 
detected several maxima, and where the shock was strong the vibra- 
tions were quick and sharp; at distant points they were slower and 
gentler. Four or five minutes after the first shock a second one 
occured which was, however, distinctly weaker. At Bar Harbor, 
nine shocks were reported before 7 a.m., and three more during the 
day; on the following day one was felt at 8^5 p.m. At Bangor nine 
shr>cks were reported within two hours, and at Portland several 
shocks were felt. At St. Stephens, N. B., a light shock was noticed 
at 6 a.m. Unfortunately the information is not sufficient to enable 
us to decide whether these later shocks originated at the same focus 
as the principal shock, or were the result of local movements, induced, 
perhaps, by the strong shock. 

Mr. Samuel W. Kain* records three light shocks felt in northern 

New Brunswick, on December 17, 1903, at 10 p.m., on February 27, 

1904, at II p.m., and on February 28, at 8:37 a.m. (60th meridian 

time). As their origins were probably not less than 150 miles from 

*Bu1letin Natural History Society of New Brunswick, Vol. V, pp. 243-245. 
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that of the strong shock of March 21, they should be looked upon as 
entirely independent of it. 

When we mark on the map the intensities of the shock as reporteil 
from various places, using the Rossi-Forel scale, we see that our 
information is very incomplete, being entirely wanting towards the 
south in the region occupied by the ocean, and being almost as defec- 
tive towards the northwest. Persons suddenly awakened from sleep 
would form a poor estimate of the intensity of the shock ; and the 
emotional nature is so different in different persons, that they would 
ascribe to the same disturbance very different degrees of intensity. 




IsosEisMALS v THE EARTHQUAKE OF Mabch 3t, 1904. iNTENsiTiGS (R-F Scale) 

ARE Indicated bv Rohan Nuuerals. 
It was impossible to get information from many people at the same 
place, consequently correspondents sometimes reported the shock as 
unfelt, though other persons in the same place, who were awake, 
might have felt it. For instance, it is almost certain that the shock 
was stronger at Quebec, Can., Edmonton, N. B., and Liverpool, N. S., 
than at Ballston Spa, N. Y., or South Norwalk, Conn., though the 
former group reported the shocks as not felt, whereas it was felt at 
the last two places. All of these facts make our information inaccur- 
ate; but using it as well as we can, we draw the isoseismah and find 
them to be ovals with the long axis lying about N 35° E. It would 
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be a matter of considerable interest to determine how closely the 
isoseismals follow the oval form as the distance from the origin in- 
creases. If the disturbance were spread over a line of some length, 
the inner isoseismals wonld be oval, and if the ease of propagation 
were equal in all directions, the more distant ones wonld approach 
circles. If, however, the disturbance were propagated more easily 
in any particular direction, the curves would extend further in that 
direction whatever be the shape of the origin. The oval shapes 
of the inner isoseismals, and the after shocks reported from St. 
Stephens, Bar Harbor, Bangor and even Portland, suggest distinctly 
that the fracture which caused the disturbance extended for some 
distance. 

The severest shock originated not far from Calais and St. 
Stephens; and the outer isoseismals seem to extend further in the 
southwestern direction than in any other, suggesting a better propaga- 
tion in this direction. This conclusion, however, is rendered distinctly 
uncertain by the inaccuracy, and especially the incompleteness of the 
data. It might have been better to give the isoseismals a smaller 
extension towards the east, but the evidence is rather contradictory, 
and so they have been drawn symmetrically. Professor Woodman. 
who has written a short account of this earthquake,* suggests that the 
disturbance was not felt on the gold bearing rocks of Nova Scotia, but 
was felt on both sides of them. Yarmouth and Lunenburg, however, 
both lie on this general formation and though we lack information 
regarding other places on the formation, we have no definite infor- 
mation that the shock was not felt there. 

At distances far enough from the center for the disturbance to 
sink to the degree of IV or III. the information would necessarily be 
incomplete, for only light sleepers would be awakened, and at the 
lower grade only some of those already awake would notice the shock. 
It was not noticed in Quebec at a distance of about 220 miles : but was 
reported froiii Montreal, about 300 miles from the origin, at Ballston 
Spa, N. Y., 340 miles, and South Norwaik, Conn., 380 miles from the 
origin. It was reported that the shock was felt at Sydney, on the 
eastern shore of Cape Breton Island, distant about 350 mile.s. but 
careful inquiry there faile<l to confirm the report. 

The shock was not recorded on the seismographs in Baltimore, 
Washington or Cheltenham, but the declination needle at the latter 
*Priicfi-diiigs and Transactions of the Nova Scotian Institute' of Seievce, 
Vol. XI, Part II, pp. 227-235. 
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observatory, wliich is about 650 miles from the origin, sliowed a dis- 
turbance on its records at 1 :o8 a.m. ; if we allow a velocity of propa- 
gation of 2.2 miles per second, wliich would correspond to the velo- 
city of the strong waves of the disturbance, five minutes would.be 
required to pass over the intervening distance; this would give 
1 103 a.m. for the time of occurrence, which corresponds satisfactorily 
with the best observations we have regarding the time, namely, 
1 :04 a.m., E. S. T. 

The area enclosed by isoseismal IV is about 100,000 square miles ; 
and it seems probable that isoseismal III. which limits the area over 
which the shock could have been felt, enclosed an area of 300,000 
square miles. 
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THE OBSERVATION OF EARTHQUAKES 

a guide for the general observer 

By H. O. Wood 

This article is desired to put before the pubhc in systematic, 
readable form such information about earthquakes as will enable 
ordinary observers to co-operate effectively with specially trained 
investigators in carrying through extensive eartiiquake surveys and 
inquiries. It is hoped that it will stimulate the widespread making- 
of records of the behavior of earthquakes, especially throughout Cali- 
fornia and the neighboring region. It may be regarded simply as a 
brief manual for volunteer observers. 

In the last two or three decades our knowledge of earthquakes 
has been greatly augmented. In large measure the invention and 
development of sensitive seismometric instruments has contributed to 
this, but, quite independently, important advances have also been made 
in our knowledge of earth shocks in relation to dynamical and surface 
geology and to works of engineering and construction. 

Investigators employing delicate seismometric apparatu.s have 
discovered and demonstrated that all very strong earthquakes sei'd 
perceptible wave movements all over the surface of the globe, ami 
they find strong reasons for thinking that such motion is transmitted 
throughout the entire mass of the earth. These seismometers primarily 
are designed to discover and delineate the dynamical elements of 
earthquake motion — that is. the character, amount, direction and 
duration of the movements set up within the solid rock on which they 
are seated. In addition, they record the time of arrival at their stations 
of every phase of the wave motion ; and, now, after accumulated experi- 
ence, study of the seismogram permits a close estimate of the distance of 
the source of the disturbance, and, sometimes, an approximate notion of 
the direction from which it approaches. Such seismologica! laboratories 
work continually at securing information of this nature. But these 
as yet are very few in number, and they are distributed very irregu- 
larly over the earth, ordinarily separated by wide intervals. They are 
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not in all cases located most advantageously. There are broad regions 
oi the earth in which there are no such stations. Some of these districts 
are often visited by shocks. Already, nevertheless, synthesis of the 
investigations conducted in these laboratories has told us not merely 
the mode of the earth motion at such isolated localities, but how the 
energy is carried outward from its source, how its manifestations vary 
in character in different kinds of rock and at different distances from 
the place of origin, and-how the waves traversing the earth space out 
at a great distance into three or more sorts running with different 
velocities. In this way these studies contribute matter of great value 
to our understanding of the constitution and physical state of the 
interior of the earth. 

Also from these instrumental studies we leam how frequently 
great earthquakes occur and. in an approximate way, where they most 
often originate. An immediate large increase in the number of 
seismological stations, especially if their sites and equipment were 
chosen to the best advantage, would undoubtedly lead almost at once 
to significant advances in our knowledge of earth physics and thence, in 
secondary ways, to information of direct practical benefit. However, 
the primary purpose of such establishments is the increase of scientific 
knowledge. The results sought directly are not those the practical 
public deems of greatest importance. Direct benefit may come relatively 
slowly out of these investigations. Moreover it costs a great deal to 
build, equip, and maintain these laboratories. So it must be recognized, 
however regretfully, that a long time must elapse before an adequate 
network of stations can be established. Meantime many practical 
problems clamor for solution ; so, while urging the building and 
equipping of seismological stations wherever practicable, recourse is 
necessary to a variety of other methods of earthquake investigation. 
Some of these auxiliary methods yield information of more practical 
value than the instrumental studies, and .so, in themselves, are well 
worth prosecution. 

To digress for a little : Instrumental seismology has demonstrated 
that each year recently, witnesses from ten to fifty strong earthquakes, 
shocks of the order that send measureable waves over the whole earth. 
Also Mallet, Milne and others, but especially Montessus de Baltore, 
have shown that these originate — with rare exceptions — in regions ao 
related geographically that, when joined together, they form two 
narrow zones which in a rough way traverse the surface along great 
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circles. These zones intersect at an angle of about 67 degrees. It is 
stated tiiat more than ninety per cent of all earthquakes on record have 
emanated from origins within these belts. Hence they include nearly 
all the loci of seismic instability. Sketching roughly, one of these zones 
extends eastward from the Atlantic along the Alps through the 
Mediterranean basin, and along the Caucasus and the Himalaya. 
Possibly Jamaica and Central America lie in its course. The other 
zone borders the Malaysiali Archipelago, skirts the islands along the 
eastern coast of Asia, including the Japanese group, follows the 
Aleutian chain, and sweeps along the mountainous western coast of 
North and South America. 

Many thickly settled countries lie in or along the courses of these 
zones. Still, of the yearly quota of strong shocks in them, by far the 
greater part have origins under the sea. And a considerable majority 
of those originating beneath the firm land occur in places remote from 
the centers of civilization, and often in thinly settled localities. Sooner 
or later, however, the inhabited portions of these sones are shaken. In 
the last half-dozen years the blow has chanced to fall often and wilh 
terrible force upon thickly populated communities of high civilization : 
Central California, the environs of Valparaiso, Jamaica, Messina and 
its neighboring coasts. The total lo.ss of life and property thus occa- 
sioned has been beyond precedent. This succession of disasters made 
deep impression on the present generation. Their lesson is obvious. 
Everywhere, and most especially in communities near the recognized 
seismic belts, — California being -undoubtedly one of these regions,~the 
public should give generous support to the investigation of earthquake 
phenomena. And individuals in large numbers shoui<l aid si^cially 
trained seismologists in all practicable ways in the collecting of 
information about the occurrence and behavior of shocks. 

From the point of view of human welfare the problems of first 
importance are these : when and where will strong shocks occur in 
future, and Xibut conditions, which are subject to human control, tend 
to mitigate their diastrous consequences. 

In the present state of knowledge we are, in general, unable even 
roughly to foretell the lime of occurrence of shocks. There is hope of 
progress in this direction, but no immediate solution of the problem 
is expected. 

The places where shocks will occur, however, and what the 
conditions are which may modify or control their behavior, we can 



,y Google 



OBSERVATION OF EARTHQUAKES 5I 

already determine in advance with considerable accuracy. We know 
broadly the seismic belts of the world and where, in them, the districts 
are in which earthquakes have occurred most frequently and so are most 
hkely to occur again. We know something, however little, about the 
geological causes of earthquakes and of their action under diverse 
geological and structural conditions. In order to determine more 
precisely where they are most likely to originate and to cause disaster, 
as well as the conditions which lessen or increase their dangers, 
we must carry on investigations in greater detail than has yet been 
done regarding the relations between the places of origin and the 
distribution of the perceptible effects of shocks ; the relation between 
these effects and the geological character of the ground where they 
occur; how the character of structures affects the degree of the 
disaster, — in short, the inter- relations hips of all these things, place 
of origin, phenomena, character of ground and of structures through- 
out the whole area in which the shock is felt perceptibly. 

In regions where earthquakes occur frequently we need 10 correlate their 
places of origin, to compare their .ligniticant surface phenomena, to determine 
their distribution in time and space, all with relation to the geological structure 
of the district, — seeking thus lo bring to light the immediate geological cause of 
the whole series -of shocks and its mode of operation, whether this cause is 
acting permanently or only temporarily in the human sense, and whether the 
shocks come periodically or in a wholly sporadic way. For example, we already 
know several regions in which series of earthquakes have been caused by slip- 
faulting along rect^iiied zones the courses of which are well marked by 
characteristic features in the land surface. 

To effect such correlations adequately it is necessary to bring 
together cotuplete and reliable news-accounts of the behavior of many 
shocks, great and small, from a great number of places in which each 
is felt, — in other words, to conduct a detailed seismic survey of as many 
earthquakes as possible. In doing this, people at large can render 
service of very great value. Indeed, without the co-operation of large 
numbers of observers httle can be accomplished. Seismological stations, 
even if established in fair abundance, will not afford any detailed or 
precise knowledge of the size and shape of the area in which the shock 
is "felt." nor of the way in which its intensity varies over this area, 
nor of the character of the manifold attendant phenomena, — such as 
damage to structures or disturbances in the soil and rock. Such data 
as these can only be brought tc^ether through the co-operation of a 
large number of individuals living in ditferent places who will note and 
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report the facts which come authenlicallly to their notice, and who will 
call the attention of trained seismologists to all permanent effects of 
the shocks. Besides its practical bearing, the results of such correla- 
tions have much scientific value, no less than the purely instrumental 
studies. 

It is important lo add at this point a warning that untrained observers 
should take great pains lo reoort simply the facts observed. If they think it 
well to give explanations of the phenomena or theories to account tor them, 
these should be kept distinct from the description or statement of the aetua) 
phenomena. With this qualitication kept in mind, the great majority of persons 
whose occupation or temperament renders them observant arc well qualified 
to aid in this work. All persons who feel any interest in earthquakes are urged 
to assist in collecting information about their occurrence and behavior, especially 
all who are situated in thinly settled or isolated localities. At best only a small 
percentage of the whole population will undertake such observation, so, in 
practice, there cannot well be too many volunteers even from the same locality. 
For, in general, earthquakes come at long intervals and endure only a few 
seconds. Even the keenest observer cannot compass all that is taking place 
about him. So the greater the number of persons who send in reports upon 
a given shock the more complete its description is sure to be. For the guidance 
of those who are willing to join in this work certain salient features of 
earthquake behavior are discussed in the following pages, with suggestions in 
regard to observing and recording earthquake phenomena. 



THE OBSERVATION OF EARTHQUAKES 

An earthquake is manifested at the earth's surface as a complex 
wa\ e-niotion due to vibratory movements of the rock particles, actuated 
by the elasticity of the rock material. These movements are set up 
by some sudden impulse or succession of impulses in the depths or by 
the sudden release of accumulated strain. Usually this earth motion is 
perceptible to the human senses over a region of considerable area, in 
which it produces a diversified range of phenomena. Immediately 
above the origin there is a confused and relatively violent motion with 
a noticeable up-and-down component. .Near the margin of the affected 
region a nearly horizontal, gentle to-and-fro or swinging motion may be 
predominant. The character of the movement varies in this way with 
the angle of emergence of the wave trains, and thus influences the varia- 
tions observed in the resulting phenomena. This variation in the char- 
acter of the motion and its results helps to determine the place of origin 
of the shock. In the region near the origin the effects are numerous 
and varied, at the margin few and simple. 
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Serviceable records of earthquake phenomena should contain 
definite and detailed statements regarding: — 

(a) The locality and whereabouts of the observer. 

(b) The time of occurrence of the shock or shocks and of the 
distinguishable phases of each. 

(c) Phenomena depending upon the energy of the shock, afford- 
ing measures of its intensify. The transitory and permanent effects 
produced in nature and in artificial structures. 

(d) The times of ocurrence. the duration and the character of 
the sounds accompanying the shocks, or preceding or following them. 

{e) Sensations and emotions experienced, — dizziness, nausea, 
dread, etc. 

(/) All unclassified effects. 

(fl) LOCALITY AND WHEREABOUTS OF THE OBSERVER. 

Give the 

SUte, 

County, 

City or Town, 

Part of town (In order to identify closely the exact place of the 
observer at the time of the shock, give the street and number or the position 
of the place with reference to prominent landmarks). 

Indoors or outdoors. 

What floor or story. 

How occupied at the moment of the shock. 

In part such detailed information is necessary for accurate place- 
ment of the data contributed, in part it may be necessary for 
the critical interpretation of the phenomena noted, especially 
in the case of contradictory effects or apparent discrepancies 
among neighboring observers. 

{b) THE TIME OF OCCURRENCE OF E.\CH SHOCK, 

And so the number of them, — and of all the clearly distinguishable 
phases of each, should be given as closely as possible, for two principal 
reasons: 

( I ) To identify the shocks and their principal phases accurately, 
so that these may be compared with other similar observa- 
tions of the same event. 
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(2) To aid in the solution of problems regarding the position, 
shape and depth of the focus (or foci in the case of a series of 
shocks*, and in regard to the velocity of different sorts of 
earthquake waves, and to the surface factors which modify 
these. 
To serve merely for identification of the shocks it is probably 
quite sufficient to give the time to the nearest minute or two, 
unless many shocks follow one another in quick succession. 
Give the 
Year, 
Month, 
Day, 

Hour (do not neglect to specify whether a.m. or p.m.). 
Minute, always as accurately as possible, 

Second — never, unless it can be given quite accurately. But if 

attempt is made to give the time of the principal piiases of the 

shocks, then it is necessary to state the time to the nearest 

second as accurately as possible. 

For actual scientific service, all times should be accurately deler- 

mined to the nearest second by a practised time observer — one trained 

to count seconds — using a timepiece whose error and rale is knoTim or 

determined immediately afterward. The observer should always 

stale whether he gives times accurately determined in this manner, or 

merely closely estimated, taking pains not to claim greater accuracy 

than actually pertains to the observation. 

The records of stopped clocks are interesting, particularly when 
the error of the clock was known and when details are given regarding 
the kind of clock, its placement with reference to the compass points, 
the nature of the base it rested on, etc. 

With regard to these time observations it is suggested that tele- 
graph and telephone operators, jewelers, railroad agents and others 
who are similarly associated closely with accurate time keeping, can 
contribute information of much intere.st and value. 

The time of duration of each shock should be given as closely as 
possible, always with a statement as to whether the time given is an 
estimate or an accurate determination. 
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(c) THE INTENSITY OF THE SHOCK. 

PHENOMENA DEPF.NniNG UPON THE ENERGY OF THE SHOCK, AFFORD- 
ING MF-ASUKES OF ITS INTENSITY. THE TRANSITORY AND PER- 
MANENT EFFECTS PRODUCED IN NATURE AND IN ARTIFICIAL 

STRUCTURES. 

Most of the perceptible effects of earthquakes are approximately 
proportional to the energy of the shock at the place where they 
are manifeste<l, and so serve to measure its intensity there. The 
observation of these effects demands a large share of attention. 

When a shock occurs it is felt sensibly throughout a region 
roughly oval or elliptical in form for which the ratio between the 
longer direction and the shorter depends chiefly upon the depth, shape 
and character of the locus of origin of the disturbance. Further, the 
places in which its stronger effects are noted are found within a mut:h 
smaller area near the center of the affected region, and this also is 
usually oval or elliptical in shape ; but it is frequently more elongated 
than the whole region, being sometimes extremely long and narrow. 
Often there are more than one of these minor central areas where 
strong motion is manifested, and this points to a multiple origin for the 
shock; for the lines which separate districts in which high intensity 
prevails from the region less strongly shaken are determined broadly 
by the position of the origin or origins. ' In an intimate way such 
factors as the character of the ground at the surface make these 
bounding hues highly irregular and complex. 

In general, intensity diminishes as the distance from the source 
of the shock increases ; so that an accurate, detailed map of the 
variation in intensity determines the place of origin with considerable 
precision, permitting correlation of this with the geological structure 
of the region. Also, such a survey of the variation in intensity allows 
correlation of this with the character of the ground at the surface, with 
the nature and strength of the structures affected, etc., so enlighten- 
ing us further upon the conditions which tend to lessen or increase 
disastrous results. 

The information which auxiliary observers are asked to gather 
will yield a practical estimate of the intensity displayed in their 
localities. In spite of the conclusion reached later in this paper, 
namely, that auxiliary observers would better not attempt to use 
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THE ROSSI-FOREL SCALE. 

I. Microseismic shock: recorded by a single seismograph or by 
seismographs of the same model, but not by several seismographs . of 
different kinds ; the shock felt by an experienced observer. 

II. Extremely feeble shock : recorded by several seismographs of 
different kinds ; felt by a small number of persons at rest. 

III. Very feeble shock: felt by several persons at rest; strong 
enough for the direction or duration to be appreciable. 

IV. Feeble shock : felt by persons in motion ; disturbances of 
movable objects, doors, windows ; cracking ( ? creaking^ of ceilings. 

V. Shock of moderate intensity: felt generally by everyone; 
disturbance of furniture, beds, etc.; ringing of some bells. (House 
bells are evidently meant, such as were in general use before the 
introduction of electric bells). 

VI. Fairly strong shock : general awakening of those asleep ; 
general ringing of bells (house bells); oscillation of chandeliers; 
stopping of (pendulum) clocks; visible agitation of trees and shrubs; 
some startled persons leave their dwellings. 

VII. Strong shock : overthrow of movable objects ; fall of plaster ; 
ringing of church bells ; general panic, without damage to buildings. 

VIII. Very strong shock: fall of chimneys, cracks in the walls 
of buildings. 

IX. Extremely strong shock ; partial or total dedtruction of 
some buildings. 

X. Shock of extreme intensity : ruins, disturbance of the strata, 
fissures in the ground, rock falls from mountains. 
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SOME PROBLEMS OF SEISMOLOGY. 
Professor A, Schuster. 

(Aililress at the opening of the Manchester meeting of the International 

.Association of Seismology. )• 

Oiir association primarily deals with the study of the causes of 
earthquakes and of their effects, but the interest which the public 
shows in our investigations is mainly due to the sympathy roused by 
the human suffering which follows the trail of these seismic catastro- 
phes. At present we feel helpless, though perhaps not altt^ether hope- 
less, in the face of the destructive convulsions of the earth. The prob- 
lem of constructing buildings which can withstand shocks of earth- 
quakes does not enter into our pri^ram, but it has been asked, and the 
question will be raised during the present meeting, whether there are 
any preliminary indications which would allow us to predict the oc- 
currence of a dislocation of the soil and to take precautions to miti- 
gate, to some extent, its power of destruction. Remembering how 
meteorologists have succee<led in preventing loss of life at sea by 
predicting the course of cyclones in the- Indian Ocean or the Gulf of 
Mexico, we might be tempted to hope that similar warnings may help 
us to fight the dangers of an earthquake. I am afraid that the cases 
are not quite analogous, and even if our knowle<Ige shouhl allow us in 
the future to form predictions of equal certainty, the <langers accom- 
panying such predictions may overbalance its benefits. The pre- 
cautions which can be taken in a harbor against an approaching storm 
are of a comparatively simple character, and the meteorologist is 
therefore justified in warning us against a probable storm which does 
not appear; but woidd the seismologist be justified in creating a panic 
and dislocating trade by predicting an earthquake which failed to take 
place? We can easily forgive the meteorologist who forecasts the 
weather as "fine to doubtful and stormy": but should we forgive the 
.seismolf^ist when he foreca.sts the approaching seismic condition of 
our town as "calm to unstable and collapsing" ? Perhaps it may seem 

'Xolure, July 27, igii. 
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to you that I am wandering beyond the range of practical science 
even in alluding to this subject ; nevertheless, the fear of creating 
panics by premature forecasts is one which has already cast its shadows 
in advance, and I am informed that insurance companies in this coun- 
try have shown some irritation at the early publication of the indi- 
cations of a destructive earthquake which has taken place in a distant 
part of the world. 

To the man in the street the question whether a thing is large or 
small is all-important ; to the scientific rran it matters not at all ; and 
a great part of our deliberations will deal, not with catastrophes, but 
with microscopic movements of the soil, movements so small that the 
vibrations due to the traffic in a city compare with it as the waves of 
the ocean with the ripples on a pool. At the last meeting of the gen- 
era! assembly, four years ago, yon appointed a committee to investigate 
these microseisms. I need not remind you that there are two types 
of short waves which are frequently observed. One of them has in- 
dependently been traced in different countries, and by several ob- 
servers, to the action of the wind, which seems to create waves over 
an extended land surface just as it does over the ocean. The second 
type of vibration, which occurs in periods of from five to ten seconds, 
is more difficult to trace. It has been suggested that the vibrations 
are due to the impact of waves on the shore against which the wave 
strikes. For the purpose of testing this hypothesis, an instrument has 
been set up on the coast of Northumberland (partly paid for by the 
funds of this association) which automatically counts the number of 
waves which in a given time strike the shore. The instrument, which 
was designed by the Cambridge Scientific Instrument Company, Ltd.. 
will be exhibited in this meeting. It has been set up and looked after 
with great ability by Mr. Morris Airey, and we are already able to 
say that it will fulfill its object, though the observations at present are 
too few to allow us to draw any conclusions. 

While we rightly attach much value to the systematic investiga- 
tion of minute disturbances, we must not forget to keep in mind the 
source and origin of all dislocation;: of the soil. The recent advances 
in physical science render it imperative to review our position with 
regard to this fundamental question. 

In our youth we were taught that the earth, once a molten and 
fiery globe, had gradually cooled down, leaving the inside still hot, but 
gradually cooling and contracting. This contraction of the nucleus 
was looked upon as a primary cause of geological dislocations. But 
how do we stand at present? Tn the breaking up of radio-active pro- 
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ducts we find a source of heat which — if the amount of radium and 
thorium in the interior of the earth is not decidedly less than that 
which is found near the surface — woidd not only balance the earth's 
loss of heat by radiation, but actually increase its average tempera- 
ture. Though reasons may easily be found why the surface layer of 
the earth may be richer in radio-active products than the core, I think 
that we are nevertheless driven to the conclusion that the earth is 
now, and has been for a long time, in thermal equilibrium, and that 
shrinkage by cooling does not accoimt for any of the more recent dis- 
placements. Why, then, should not the earth long ago have settled 
for itself all seismic questions, and have come to rest in a comfortable 
state of equilibrium? After the four or five million years which it 
has had to calm down, we might have expected that everything should 
be quietly arranged in uniform layers roimd the centre of the earth. 
Instead of this regular distribution of matter, we have not only moun- 
tain chains, but also the depressions and elevations which cause the 
distribution of land and water over the globe. 

The causes of these inequalities have long interested geologists 
and mathematicians, but the wider discussion of the stability of the 
whole structure on which we live has only recently come into promi- 
nence. The subject is a most difficult and intricate one, and a most 
important contribution towards its elucidation has appeared within 
the last few weeks. In an essay to which the .A.dams prize of Cam- 
bridge University has been adjudged, and which, 1 think, will become 
a classical guide to all who intend to pursue the subject. Professor 
Love has treated the problems of geophysics with masterly ability 
and lucidity. I wish it had been possible to arrange — perhaps it is 
still possible — for Professor Love to give you an account of his in- 
vestigations, and in his presence it would be impertinent in me to ex- 
plain, as otherwise I might have been tempted to do, the main con- 
clusions at which he has arrived. I must therefore content myself 
with directing attention to the great importance of this work, and 
alluding to one suggestion contained in it which more particularly 
touches a subject with which this meeting is concerned. 

The important work of Professor Hecker, confirmed since by 
others, has allowed us to trace the tidal deformation of the earth, and 
has brought to light the curious result that the earth appears to resist 
a change in shape less in the north and .wuth than in the east and 
west direction. 

Professor Love, having failed to account satisfactorily for the 
effect in other ways, suggests that the want of symmetry in the rigidity 
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is apparent only, and that the observed effects are caused by the at- 
traction of the tide wave in the North Atlantic and its accompanying 
excess pressure on the sea bottom. In the investigation of the tidal 
deformation of the earth, our work overlaps that of the International 
Geodetic Association, an<l a communication from that body will have 
to be considered by us. In other directions our work closely touches 
that of the geologist, and there may be points of contact with other 
parts of geophysics, such as meteorology and terrestrial magnetism. 
This interdependence of different branches of science will force us 
before long to consider our relations to other international associa- 
tions. 
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MEETING OF THE INTERNATIONAL ASSOCIATION OF 
SEISMOLOGY, HELD AT MANCHESTER, ENGLAND. 

The meeting of the International Association of Seismology was 
held this year at Manchester, England, on July i8th to 22d. The 
meeting was well attended by leading scientific men from all parts 
of the world ; noteworthy among them were Professor John Milne 
and Mr, R. D. Oklham, the English seismologists, and Sir George 
Darwin, the astronomer, Professor F. Omori of Japan, Prince Gaiitzin 
of St. Petersburg, Professor E. Wiechert of Gottingen. and Dr. H, F. 
Reid of John Hopkins University, Baltimore. 

Considerable time was taken up in social functions, excursions, 
and in the transaction of routine business. 

The opening address, by Professor Schuster, was upon "Some 
Problems of Seismology," which is quoted elsewhere in this number 
of the Bulletin. 

Prince Galitzen exhibited and described his new vertical motion 
seismograph, which uses the same kind of magnetic damping as that 
employed in his horizontal pendulum. This makes the instrument 
aperiodic and faithfully records the earth motion. 

Prince Gaiitzin also explained his method for finding an epi- 
center from records at a single station. Milne and Oldham showed 
years ago that the distance of the epicenter could tie determined from 
the interval between the arrival of the first and second phases of the 
preliminary tremors. Prince Gaiitzin now shows how the azimuth 
can be obtained from the first indication of the seismogram obtained 
with an aperiodic horizontal pendulum. With the vertical component 
the difiiculty in deciding between the opposite directions is done away 
with. It was shown from several examples that the estimation of the 
position of the epicenter by this method is as satisfactory as by the 
comparison of records from two or more stations. 

Dr. Hecker of Strassburg presented a paper on the tidal strains 
in the crust of the earth; and A. Orloff gave an account of his meas- 
urements of the deformation of the earth by the moon. The methods 
employed were directed toward finding the effects of lunar period- 
icity in the movements of sensitive horizontal pendulums. It was 
assumed that if the earth were rigid, such movements, if due to the 
influence of the moon, could be calculated. But the results show a 
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deflection of the vertical that is odly two-thirds of the calculated 
amount. It is concluded, therefore, that the earth is affected by the 
tidal action of the moon. The results show also that the force acting 
on the pendtdum is greater when it acts along an east-west line than 
when it acts along a north-south one. That is, the earth seenis to be 
more rigid along east-west than along north-south directions. 

It was suggested by Sir George Darwin that this difference 
might be due to the rotation of the earth. But Professor Love found 
that Hecker's results cannot be explained by reference to the earth's 
rotation. He attributes it to the direct gravitational influence of the 
tidal wave in the Atlantic upon the vertical at a neighboring locality, or 
to the pressure of that wave upon the ocean's bed. An inquiry into 
this question is to be undertaken by the International Association in 
connection with the International (ieodetic Association, by establish- 
ing a station near the ocean, possibly at Paris, and another as far in- 
land as possible, say in Russia. 

Professor Wiechert presented an important and much discuss- 
ed paper on the constitution of the interior of the earth. Broadly 
stated, his theory is that the earth consists of three zones or layers 
that differ from each other in ela.stic properties. 

This idea appears to be borne out by the peculiar arrival of earth- 
quake waves at the same station. Some of these waves pass directly 
from the center of disturbance to a given station, while other waves 
from the same center arrive after having been reflected very much like 
delayed echoes in the case of soumls. The behavior of these different 
waves suggests diflference in the media through which they pass. 

Professor Omori gave an account of certain recent volcanic and 
seismic phenomena in Hokkaido, and the increasing activity of anoth- 
er volcano, Asama Yama, which is some 8000 feet high. .\ seismo- 
graph has been installed on the flanks of the latter mountain. The 
tremors there recorded vary according as they accompany or do not 
accompany volcanic eruptions. 

Dr. Oddone exhibited and explained an apparatus for measuring 
the elasticity of the rocks. 

Our colleague. Dr. H. F. Reid, of Johns Hopkins University, 
<lcscribed a new method of determining earthquake intensities base<t 
upon the fact that the energy exerted is proportional to the square of 
the area within a given isoseismal. 

The officers elected for the next three years' period, dating from 
April, 1912, were Prince Galitzin, president, and Mr. Lecointe, vice- 
president. 
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THE INTERNATIONAL SEISMOLOGICAL ASSOCIATION. 
Bv F. L. OOENBACH. S. J. 

The idea of an International Seismological Association was con- 
ceived by Dr. G. Gerland and the late Dr. E. von Rebeiir Paschwitz. 
They proposed the project in the sixth International Geographical 
Congress held in London, where it was very favorably received. How- 
ever, nothing practical was done until the meeting of the seventh 
Congress in Berlin, when a permanent committee was appointed. This 
committee met in Strassburg on April 11-13, 1901, together with the 
delegates of the following countries : Austria, Belgium, Germany, 
Japan, Russia and Switzerland, besides about fifteen scientific men from 
Germany, Denmark, Italy, Austria and Hungary. 

Six meetings were held, preliminary statutes drafted, and a reso- 
lution passed to the effect that the German government be aSked to 
invite other nations to a general conference with the object of initiating 
an International Seismological Association and Congress. This meet- 
ing has been called the First International Seismological Congress. 

On July 24, 1903, the Congress met for the second time at Strass- 
burg, and here the association was permanently organized, the follow- 
ing twenty-four governments joining: German Empire, Prussia, 
Bavaria, Saxony, Wurtemburg, Baden, Alsace-Lorraine, Argentina, 
Austria- Hungary, Belgium, Bulgaria, Chile, Congo State. United 
States of .'\merica. Great Britain, Japan, Italy, Mexico, Portugal, 
Roumania, Russia, Sweden, Switzerland. Servia. 

In this, the second meeting of the association, the following 
statutes were adopted. 

Statutes of the International Seismological Association. 

Section i. The object of this Association is to advance our 
knowledge in all such seismological problems as can only be solved by 
the co-operation of many stations scattered all over the world. 

As principal means to this end, the following are proposed: 

(a) Observations according to uniform methods. 

(b) Experiments in special, important questions. 

(c) Establishment and support of seismological observatories 
in countries which need the assistance from this association. 
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(d) Establishment of a Central Bureau for the cotlection. 
discussion and publication of observations gathered from different 
parts of the world. 

Section a. Members of the Association are the States which 
are willing to join, the reception into the Association following a re- 
quest to the President of the Permanent Committee. 

Section 3. Each state joining the Association pledges itself 
to contribute a certain sum for the purposes of the Association. The 
minimum sum total contributed for the ends of the Association shall 
be $5000, The jjayment of these contributions is to be made through 
the diplomatic representative of the different states in Berlin. 

Section 4. The rate of contribution is to be as follows : A state 
with a Imputation under 5,000,000 shall pay $100. 

A state with a population of 5 to 10 million, $200 
" " " 10 to 20 " 4«> 

" " ■' over 20 " 800 

SKcTKtN 5. Organs of the Association are: 

(a) Tile General Convention. 

(b) The Permanent Committee. 

(c) The Central Bureau. 

Section 6. The General Convention shall consist of the dele- 
gates from the associated states. It shall meet at least every four 
years. A Convention is called by the President of the I'ermanent 
Committee, and he may act as the President of the Convention. The 
summons to a Convention must contain the program. 

Scientific societies, academies and institutes interested in ,seis- 
mologica! problems may be authorized by the President of the Per- 
manent Committee to send a delegate with consulting voice to the 
General Convention. The President of the Convention may also invite 
to the Convention. 

Section 7. In voting on matters concerning the .Association 
and its organs, each state represented by a delegate shall have one 
vote. 

States whose delegates arc not present may transfer their vote 
to one of the other delegates present. 

In order to legalize the resolutions passed, the presence of at 
least one half of the state delegates shall be required. 

A decision on a subject not contained in the program is valid if 
supported by at least one half of the delegates of the associated states. 

Section 8. For scientific questions, committees may l>e a|>- 
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pointed; and all delegates are privileged to attend the meetings of 
such committees. 

Section 9. In complex or doubtful questions the vote must be 
taken by states as soon as this is requested by a single state delegate. 

Section 10. In case of a tie, whether the vote be cast by dele- 
gates or by states, the President shall have the deciding vote. 

Section 11.. The Permanent Committee consists of the Director 
of the Central Bureau and a delegate from each associated state. 

The Permanent Committee elects from its midst a President, Vice- 
President and a Secretary. 

The Director of the Central Bureau can not be elected President 
of the Permanent Committee. 

The correspondence of the President of the Permanent Committee 
with the .Associated States is carried on through the diplomatic repre- 
sentatives of such states in Berlin. 

The Permanent Committee carries on its business either in meet- 
ings or through correspondence. It fixes its own program. 

It enforces the resolutions of the General Convention and takes 
care of the funds allowed by the convention for special purposes. 

Section 12. The contributions from the different states and 
other money acquired is to be used : 

(a) For publications and the expenses of the association. 

(fe) For the salary of the secretary. 

(c) For the support "of special investigations decreed by the 
General Convention. 

(d) For the organization and support of observatories estab- 
lished by the association. 

The distribution of funds is made by the Permanent Committee. 
The Director of the Central Bureau is responsible for the payments and 
he is controlled in turn by the Permanent Committee. 

All payments are made by the Director of the Central Bureau on 
a notice from the Permanent Committee. 

Accounts are to be published in the proceedings of the Permanent 
Committee. 

The surplus of one year is to be made use of for the expenses of 
the next. 

Section 13. The Central Bureau is to be connected with the 
Imperial German Central Station for Seismology at Strassburg. 

The Director of the latter to be at the same time Director of the 
International Association. 

The personnel and means of that Central Station shall be at the 
disposal of the Central Bureau. 
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The Central Hiireati collects the observations from the different 
countries and publishes them. 

Section 14. The Director of the Central Bureau makes a 
comprehensive report each year to the President of the Permanent 
Committee, adding at the same time a program for the following year. 

Both the program and the report are to be transmitted to the 
delegates of the associated states. 

In scientific matters the Director communicates directly with 
the members of the Permanent Committee, the National Seismological 
Bureaus, or with scientific societies and individuals. 

Section 15. The Secretary reports to the General Convention 
regarding the condition and work of the Association. 

It is his duty to publish the procee<lings of the General Conven- 
tion, those of the Permanent Committee as well as any matter decreed 
by the General Convention, 

He carries on all correspondence and business of the Association 
under the direction of the Permanent Committee. 

Section 16. These statutes shall remain in force for the period 
of twelve years, beginning with April i, 1904. 

They shall be binding on all associated states for this period and 
then for periods of four years, unless a notice to indicate a withdrawal 
has been given six months in advance. 

Note — Prof, Harry Fielding Reid is the Delegate for the United 
States of America. Onr National Bureau is still an object much to be 
desired. 
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AN EXPERIMENTAL INVESTIGATION OF THE RESIST- 
ANCE OF MASONRY TO VIBRATION, WITH SPE- 
CIAL REFERENCE TO THE EFFECT OF 
EARTHQUAKE WAVES. 

Bv R. W. BiERER AND T. B. Parker. 

The object of our thesis was to investigate the mechanical effects 
of earthquake motion, atid to construct an apparatus which would 
enable us to study the effects of artificial shocks upon brick and con- 
crete columns. As a result of consulting the best authorities on the 
subject, we decided that although the vertical component of the motion 
is sometimes much in evidence, the horizontal component may be given 
chief attention as productive of destruction. 

To imitate horizontal waves, we designed an apparatus which 
would oscillate a shaking table for testing full-sized columns. On a 
platform, columns of different sections and materials were tested to 
determine how intense a shock they would resist. Also a test was made 
to determine the weakening effect, if any, on columns subjected to 
repeated shocks not severe enough to cause fracture. The apparatus 
gives harmonic motion of varying amplitude, from zero to three 
inches, in a horizontal plane. 

Five brick columns laid in cement mortar were tested, two being 
i6 inches square and three 12 inches square, and 8 feet high. In each 
case the column was rigidly secured before testing and the test con- 
tinued till fracture occurred. Two 12 inch columns were subjected 
to vibrations of continuously increasing amplitude and constant period. 
Another was tested by increasing the intensity of shocks at short in- 
tervals and studying the action of repeated vibrations. The 16 inch 
columns were tested in like manner, but after a powerful vibration 
was obtained the amplitude was not increased and the column was al- 
lowed to shake till failure occurred. 

From the data obtained it was possible by Omori's formula to 
determine the tension stress. This was much greater for the column.'; 
tested rapidly than for prolonged tests. This clearly shows that a 
column may stand under one shock, and fall under repeated shocks. 
Also that although the tension at time of fract\ire in the large columns 
was less than in the small, that they will stand severer shocks longer. 

Four unreinforced concrete columns, 8 feet high, were tested, two 
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of these being lo inches square, and two 12 inches square. The 
shocks were increased at short intervals until fracture occurred. The 
columns resisted shocks twice as severe and longer than the large 
brick columns, and developed a much higher unit stress. All the details 
of failure were observed and noted. 

We hope that our experiments will be continued, and believe 
that by the methods employed much valuable information may be 
obtained. 



A SM.\LL LIBRARY ON MODERN SEISMOLOGY. 
By F. L. O, 

Robert Mallet — The great Neapolitan earthquake of 1857. The 
first principles of observational seismology. 2 vols. 830 pages. 
London, 1862. (Note. — This book, though not modem, is of 
great interest to students of seismology.) 

Schmidt — Studien iiber Vulcane und Erdbeben. Leipzig, i88r. 

Edward Suess — Das Antlitz der Erde. Leipzig, 1885-1908, The 
French translation has the title "La face de la terre." Paris 
1897-1908. The English translation by H. B. C. Sollas is entitled 
"The face of the earth." 4 vols. Oxford, 1904-1908.* 

F. FouQUE — Les tremblements de terre. 328 pages. Paris, 1888. 

RuDOiJ*H HoERNES — Erdbeben kuude. 452 pages. Leipzig, 1893. 

John W. Judd — Volcanoes: what they are and what they teach. 
381 pages. New York, 1895. {$2.00) 

John Milne — Seismolt^y. 452 pages. International Science Series. 
London, 1898. 

Edwahd S. Holden — A catalogue of earthquakes on the Pacific Coast, 
1769 to 1897. Smithsonian Mi.scellaneous Collections, no. 1087. 
255 pages, 8vo. Washington, 1898. 

John Mir.NE — Earthquakes and other earth movements. 376 pages. 
New York, 1899. ($1.75) 

AtTUST SiRBEBC — Handbuch der Erdbebenkunde. 362 pages. Braun- 
schweig, 1904. 

C. E. Di'TToN — Earthquakes in the light of the new seismology. 314 
pages. New York and London, 1904. ($2.25') 
NOTE, — The French edition of this work is (he hest of the three, owing 

to ils liavinc many notes and additions not contained in the original or in the 

Rngliah translation. 
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Dairoku KiKucHi — Recent seismological investigations in Japan. 

12Q pages. Tokyo, 1904. {$1.25) 
CiiAS, Davison — A study of recent earthquakes. 355 pages. New 

York and London, 1905. ($1.50) 
F. DE MoNTESSus DE Balexibe — Les trembleinents de terre. 475 pages. 

Paris, 1906. ($3.00) 
Wm. H, HoBBS— Earthquakes. 336 pages. New York, 1907. ($2.20) 
Alexander G. McAdie — Catalogue of eartliquakes on the Pacific 

Coast, 1897 to 1906. Smithsonian Miscellaneous Collections, ' 

XLIX, Publication no. 1721. Washington, 1907. 
C. G. Knott — The physics of earthquake phenomena. 283 pages. 

Oxford, 1908. ($4.50) 
F. HE MoNTESsus DE Ballore — Le science seismologique. Les treni- 

blements de terre. Paris, 1908. 
California State Earthquake Investigation Committee. .\. C. Lawson. 

Chairman — The California earthquake of April 18, 1906. Two 

volumes and atlas. Published by the Carnegie Institution. Wasli- 

ington, 1908. {$17.00) 

Vol. 2. The Mechanics of the Earthquake. By H. F, Reid, 

200 pages, 1910. ($2.00) 
Wm. H. Hobbs — The evolution and outlook of seismic geology. Pro- 
ceedings American Philosophical Society, XLVIII. no. 192. 44 

pages. Philadelphia, 1909. 



Seismological Joiirnals. 

Transactions of the Seismological Society of Japan, I-XVI. 1880 

1892. Continued as the Seismological Journal of Japan. I-IV. 

1893-95- 
Beitrage zur Geophysik, Dr. Geo. Gerland and Dr. Emil Rudolph, 

editors. Ten volumes and three supplements published to date. 

Leipzig, 1887- (Organ of the International Seismological 

Society. Very important.) 
Publications of the Earthquake Investigation Committee (E, I. C.) 

of Japan (in foreign languages). Edited by Dr. F. Omori. 

Tolryo, 1897- 
Mittheilungen der Erdbebenkommission der Icuserliche Akademie der 

Wissenschaften in Wien. Vienna, 1897- 
Publications du Bureau Central de I'.^ssociation Internationale de 

Sismol<^e. Strassburg. 
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NOTES ON THE CALIFORNIA EARTHQUAKE 
OF JCLY 1, 1911. 

An earthquake occurred in central California July i, 191 1, which 
seems likely to be of much interest, especially when studied in con- 
nection with the great California earthquake of 1906. 

Data are now being gathered which, it is hoped, may enable us to 
<leteriiiine the epicenter. At present we give the following valuable- 
notes, kindly furnished by the observers whose names are given in 
each case. The reports are arranged geographically, from north to 
south, 

Ukiah, by James D. Maddrill. — So far as 1 have been able to 
learn no one in this vicinity feh the earthquake of July ist. The only 
instrument at the Latitude Observatory of the International Geodetic 
Association that could record a light shock was the Richard baro- 
graph, which showed no disturbance on its record sheet at or near 
the reported time. 

^10 Vista, by J. C. Stanton. — The shock corresponds almost per- 
fectly with the R.F. scale VL The direction as given by the oscil- 
lation of electric drops was about NW. and SE. Geographic posi- 
tion of Rio Vista: latitude 38° y' ig", longitude 121° 41' 49". ac- 
cording to U. S. Coast and Geodetic Survey 1908. 

Mare Island, by T. J. J. See. — The time of the shock of July ist 
at the U. S. Naval Observatory, Mare Island, was 2h im 35s p.m. as 
recorded by the stopping of our mean time transmitting clock. 

Stockton, by Edtvard Hughes. — The earthquake of July 1, 191 1 
was felt at Stockton at 2h 00m 55s p.m. This time must be very nearly 
correct, as I looked at my watch during the progress of the' shock, 
and immediately afterwards corrected the time by comparison with 
clocks that get their correction daily from Mount Hamilton. I esti- 
mate the duration from fifteen to twenty seconds. 

A number of clocks were stopped, people were alarmed and ran 
into the streets. No swaying of trees was noted ; there was no damage 
to buildings of any kind, and but little notice was taken of the shock 
by the people generally. 

Yosemile Valley, by J. E. Gardner. — The earthquake of July ist 
was very slightly, but unmistakably, felt in the Yosemite Valley; it 
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was noticed, however, only by persons who were sitting still when it 
occurred. 

Berkeley, by A. 0. Leuschner and S. Einarsson. — The earthquake 
began without preliminary tremor at 2h com 28s ± as. The period of 
vertical vibration was approximately three seconds, indicating that 
the center of the earthquake was not as close as one might be tempted 
to suspect. 

The total duration of the motion as shown by the records was 
roughly twenty-seven minutes : of which eighteen minutes was marked 
by perceptibly strong motion ; ten minutes as heavy motion ; and 
five minutes by great intensity. The intensity was V on the Rossi- 
Forel scale ; it was a smart shock, generally felt ; furniture was shaken ; 
and some clocks, notably the time clock of the Students' Observatory, 
were stopped — this for the first time since the earthquake of April 
18, 1906. 

The pens of the horizontal machines jumped the paper. These 
machines are, however, constructed primarily for the recording ot 
very distant rather than local earthquakes, so that their dislocation is 
not in any sense an indication of a particularly severe earthquake. 

There was on the horizontal as on the vertical machines no pre- 
liminary tremor, and the computation of the distance depending on 
the preliminary tremor cannot therefore be given. There was no 
record on the north and south or on the east and west components. 
The amplitude of the vertical motion was about 2/100 of an inch, and 
the suddenness and short period of the shake gave added severity. 
There is no question but that it was a local earthquake, probably 
within a radius of fifty miles. 

The percepiible shock came in two parts, the first lasting about 
five seconds; the second was less sensible and intense, and there was 
a lull of five seconds between. 

The unusual and interesting feature of the earthquake is that 
there was no preliminary tremor. 

Seismographic Station, Berkeley, by H. 0. Wood. — There are 
discrepancies in the registered time of beginning of the shock of Jidy 
1st which necessitate explanations. I had gone into the mountains 
for the summer some two weeks previous, leaving everything in good 
running order. I left the instruments under the care of a substitute 
who took the place of our regular assistant during June while he was 
away on vacation. The regular man resumed his duties on the morn- 
ing of July I St. He reports to me that he found some things in bad 
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order and that he did not have opportunity to get the station into 
good working condition before the coming of the shock. The condi- 
tion of the records verifies his statement. 

The recorded times of beginning registered by the seismographs 
are as follows: 

N-S Comp 2h ooni 38s phis p.m. 

E-W '■ (No time — time-marker caught ) 

Vert. " 2 00 19 minus, 

I regard the time determined by the vertical instrument as good, 
for the machine was running well; the beginning is sharp and sudden 
and tile pen continued to write, , . . Nevertheless the beginning 
on the N-S is sudden and sharply marked, with no suspicion of earlier 
motion, and the time measurement is good. The only thing in doubt 
is the parallax of the writing-point, which both before and after this 
shock was — 21s. I am unable to explain the resulting discrepancy, 

Cliabol Observatory. Oakland, by Charles Bitrckhalter. — The 
earthquake of July i, 1911 occurred at 2h 00m 28s p.m. P.S.T. I was 
away on my vacation, and the time was observed by my assistant, Mr, 
Milan E. Hunt. He reports the duration as forty seconds; general 
direction NE.-SW., intensity VI R.F. scale, and both sidereal and 
mean time clocks stopped. From what I heard after returning home 
the intensity may have been a little less than VT. 

San Francisco, by Alexander G. McAdie. — A severe shock was 
felt in San Francisco on July 1, 1911, at 2:00:05 P-ti- *o 2:00:25 P-m., 
1 20th meridian time, or 22 hours, Greenwich mean civil time. No 
tremulous motion was felt before the principal disturbance nor was 
there any racking motion at the end. There were two well-marked 
vibrations with an interval of five seconds. The vertical motion was 
perceptible. The apparent direction, from west to east. Few objects 
were overturned and the duration of sensible motion was about twenty 
seconds. The intensity was VTI on the R.F. scale. No sounds were 
heard. 

The shock was the most pronounced since that of April 18. 1906. 
Regarding general conditions in the city, there was for a few minutes 
general uneasiness and much excitement. In some of the crowded 
buildings people rushed to the doors and ran into the streets. There 
was however no damage of any consequence. Business went on as 
usual after a few minutes. Many people, especially those riding in 
street cars, did not feel the shock. 
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Son Francisco, by George Davidson. — I timed the shock of July 
I. 1911 at 2:00:15 Pacific standard time. Seven or eight seconds later 
there was a second but much ligliter shock. The vibrations die<l out 
rapidly within the next five seconds. The motion was vertical. An 
examination of many objects on tables, etc.. showed no lateral move- 
ment or twisting. 

My daughter was on a Market street car going toward the ferry. 
She and other passengers saw hundreds of people nishing into the 
streets. At the next block a passenger got on the car and reported the 
earthquake, which no one on the car had felt. This passenger stated 
that he felt the shock while walking. 

Modesto, by E. C. Templelon. — A meager report from Moiiesti 
states that the earthquake was clearly perceptible there, but did no 
damage. 

Stanford Unitersity, by S. D. Tmvniey. — When the earthquake 
of July 1st came I was standing on the front porch at my home, 
and almost immediately went inside the house. No preliminary 
tremors were felt and no sounds, other than the rattling of the build- 
ing, were heard. There were two shocks lasting from five to ten 
seconds each with an interval of a few seconds between them. The 
two maxima were of about equal intensity, — possibly the second was 
the stronger. Intensity was VI on the Rossi-Forel scale. The direc- 
tion from which the disturbance came could not be distinguished and 
no distinct vertical motion was felt. A pile of unbound Sciences on 
top of a bookcase on the second floor fell toward the southwest. A 
clothesbrush on top of the same bookcase fell toward the northwest. 
Uoth were more or less constrained to move in the direction in which 
they fell. 

The University buildings were not damaged except for a few 
cracks in plaster. In the chemical laboratory some plaster that was 
already loose was thrown to the floor. 

The Western Union operator at Palo Alto states that the stand- 
ard clock in the office was stopped at 2h oom 33s p.m. Pacific standard 
time. The clock is set every day at noon, and was probably within 
one second of the correct time. It is likely that the beginning of the 
shock was several seconds earlier than the instant when the clock 
stopped. 

Professor GrilTin. who was outside at Stanford University when 
the shock occurred, states that it was preceded by a distant rumbling 
noise advancing from the north. 

Santa Clara Jesuit Seismologic Sen-ice. by J. S. Ricard. SJ., Di- 
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rector, and A. J. AVit'/iti, Assistant.— Thh was the most severe shock 
since April i8, 1906. The tracer was thrown off the paper but quickly 
replaced. Apparently little damage done in this vicinity. Pulsatory 
oscillations since June 26th. Santa Clara epicenter. No preliminaries. 
Character III d. Time 22:00:07 niean civil Greenwich (2 p.m., 120th 
meridian time). Distance 81.62 kilometers east 36° 52' S. During 
July shocks were recorded on the 5th, 8:33:52 mean Greenwich time. 
Distance 74.35 kilometers east 5° 29' S. ; and again on the 8th at 
9:39-03 and at 11:47:56. Also on the 12th at 4:55, the 14th at 
14:21 :2i ; i8th at 21 :55; 21st and 31st. 

5(111 Jose, by Maurice Connell. — This was one of the severest 
shocks since the memorable quake of 1906. It occurred at 2:00:30 
p.m. The movement seemed to be entirely vertical, which would in- 
dicate that the origin of the disturbance was near San Jose. There 
was a loud roaring noise. The period of active disturbance did not 
last more than ten .seconds. The damage was not great. Plaster fell 
and some brick walls were cracked. The post-office building was 
severely shaken ; but with the exception of falling plaster in the upper 
story and some cracking of the walls, the damage was not serious. 
There were some after-shocks during the evening, the last noted oc- 
curring at 9 :i9 p.m. , 

Arroyo Valle, seven miles northeast of Liek Observatory, Mourn 
Hamilton, by E. C. Tcmpleton. — At a camp at the above location the 
earthquake is reported as having been strong. It caused several slides 
of loose rock of a number of tons each, and it jjerceptibly increased 
the flow of some of the smaller tributaries of the Arroyo Valle, It 
also muddied up the streams for a short time. 

Mount Hamilton, by R. G. Aitkin. — The earthquake of July i, 
191 1, was in some respects the most .severe one experienced since the 
Observatory was founded. The amplitude of vibration was less than in 
the shock of .April 18, igo6, and the duration was much less, but the 
motion was more violent. 

Fortunately, the telescopes and other instruments of the Observa- 
tory suffered no injury with the exception of the Riefler clock. The 
steel springs in the penduhini support of this clock were broken, allow- 
ing the pendulum to fall and break the air tight glass case. The 
36-inch teIescoi)e was moved about three-quarters of an inch to the 
south, the great base plate slipping on the masonry pier. The telescope 
was put into position again promptly and without difficulty, and has 
suffered no harm whatever. It stood entirely idle for one night only. 
The other telescopes were not alTected. 
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The damage to the observatory buildings consists mainly of 
broken plaster and cracked chimneys, with the exception of the large 
brick residence which stands directly east of the main Observatory 
building. The earthquake vibration bulged the north and south walls 
of this building and produced shear cracks in all walls, particularly 
around windows. Extensive repairs will be necessary to make it safe, 
and it may be decided to take it down entirely. It should, however, be 
said that the construction of this house did not specially fit it to with- 
stand earthquake vibration, and that the walls had been weakened by 
the shocks of 1903 and 1906. The walls of the other brick residences 
on the mountain were uninjured. 

Mount Hamilton, by C. C. Kiess. — The earthquake of 191 1, July ist 
was one of the most severe ever experienced at Lick Observatory. The 
vibrations lasted from twelve to fifteen seconds, reaching maximum in- 
tensity eight or ten seconds after the beginning. So far as the writer 
has been able to find out, the quake was unattended by preliminary 
tremors or earth sounds. 

The times of the beginning of the shock as recorded by the Wiech- 
ert seisom<^raphs are : • 



E-W 2 00 4.6 p.m., P.S.T 
N-S 2 00 2.5 p.m., P.S.T. 
V 2 00 4.0 p.m., P.S.T. 

With these times, the times of beginning noted by various indi- 
viduals are in very close agreement. 

The shock was of intensity VII on the Ros-si-Forel scale, and was 
most severe in the north-south component of vibration. These facts 
were made evident by the effects that the earthquake had upon instru- 
ments, buildings, etc. 

All of the seismographs were put out of commission almost in- 
stantly. The recording pens of both the Wiechert instruments were 
thrown from their carriages after making one violent sweep across 
the sheets. The 200 kg. mass of the horizontal was distorted and 
shifted northward on the pendulum, and one of the cardan springs of 
the vertical was sheared. The Ewing instruments withstood the shock 
no better than the Wiechert, The N-S pendnlum was shaken bodily 
from its bearings, and the E-W was swung out of its normal position, 
causing the pen to leave the plate. Furthermore, the time clock was 
shaken from its support, and accordingly no time record was traced 
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on the smoked disc. The penduliini of the Duplex was disjointed, and 
consequently only a partial record was traced by its pen. 

The Ewtng seismograph and the Wiechert vertical were put in 
commission as soon as possible after the violent shock. The following 
list of after-shocks (except the first) was recorded by the vertical, 
none of them being of sufficient intensity to affect the Ewing. 



p.m.. P. ST. Intensity II 
II 



I 
II 

IMII 

On July ,(d the Wiechert horizontal seismograph was partially 
readjusted and the following shocks were recorde<l by it as well as by 
the vertical. The tiires [^iven are the mean of the times taken from 
the separate records. 



1911, July I 
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July 8 
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55-7 


July 11 




••7 39 


27.2 



Intensity I 
•■ ' I 



'Reported by R. G. A. 

"Recorded by horizontal only. •"R(.-cc)rded by venical only. 
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July 14 

h m s 

6 21 15.9 '■ ■' " I 

**6 54 337 '■ ■' " I 

**7 1 42.3 ■' ■' " I 
July 20 

3 2 11.2 p.m., " " 1 

4 9 30.7 " " ■' I 

5 27 425 " " " I 
July 21 

3 >o 58.9 " " " I 

July 23 

y 54 57-5 " " " I 

Smith Creek. .\fouiU Hamilton road, by E. C. Tcmpleton. — A 
short report from the Smith Creek Hotel region on Mount Hamilton 
states that the earthquake was very severe. It caused an increase in 
the flow of Smith Creek at this \nnnt from nine-tenths second (eet to 
three and six-tenths second feet. Up to September 20th the stream 
had not returned to its former flow. A second shock at about seven 
o'clock the same evening is reported. 

Edein-ale, by E. C. Tcmpleton. — A water-tank two miles south- 
cast of Edenvale station was shaken down. On Coyote Creek, one mile 
northeast of Edenvale. the earthquake is reported as having been very 
severe. At this point the stream runs in a northwesterly direction and 
the water was thrown out on the southwest bank by the shock. A man 
standing in the creek bottom was able to keep his feet only by the aid 
of a prop used for a clothes-line supjxjrt at his camp. The earth- 
quake cracked the loose gravels at the side of the stream, and caused 
a large number of small gravel slides. Two men report a second 
shock in this neighborhood about seven o'clock the same evening. On 
the firmer ground above the creek bed the houses were not damaged 
appreciably. .\t one house near here, the most serious; damage was 
the disconnecting of a water pipe at a windmill. The intensity near 
Edenvale probably reached VII R.-F. 

Los Gatos, by Irving H. Snyder. — Time, approximately 2 p.m.. 
Pacific .standard time. .-\ Los Gatos jeweler who was on the summit 
of the Coast Range when the shock occurred gives the time as ex- 
actly two o'clock. A large pendulum clock in a local jewelry store 
stopped at 2:00:03 P'"- I'S.T. 
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Duration, close to twenty seconds. 

This was the severest earthquake Los Gatos has experienced 
since April i8, 1906. The record of the duplex seism<^raph shows 
that the shock began with very few preliminary tremors, the move- 
ment quickly rising to the maxininni, which was almost three inches, 
in a northwest to southeast direction, after which it slowly diminished^ 

A roar, lasting about three seconds immediately preceded the 
shock. Most |>ersons who heard it, say it came from the south, but a 
few contend that it was from the north. 

Crockery and bric-a-brac was broken in many houses, and plaster 
fell in some instances, .\bout twenty chimneys were badly cracked 




Duplet ])cnJii1»m record of the carthitnake at L<is Galos. By T. H. Snyder. 

The tisiire represents the movcnient of a point. 

From a photograph, and reduced one half diameter. 

and a few overthrown. A portion of a fire-wall wa.s also thrown down. 
At the railway station a train of loaded gravel-cars was set in motion 
and ran from a switch on to the main track. 

Intensity, R.F. scale VTI. 

Coyote, by E. C. Templcton. — In the Santa Clara valley the shock 
apparently reached its greatest intensity south of San Jose, in the re- 
gion about Coyote. .-Xt tins place a small frame house was shaken from 
a foundation about four feet high, plastering was shaken down from 
all the plastered houses, a concrete retaining wall at tiie bridge a little 
west of the town was cracked off, many windows were broken, clocks 
were stopped, and dishes, books, and other articles were shaken from 
their shelves. Near Coyote three county water-tanks about twenty-five 
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feet high and strongly supported were shaken down. Three men are 
reported to have been shaken from their feet while at work in the fields. 
Persons who experienced both this shock and the earthquake of April 
18, 1906 declare that while this one was of shorter duration, it was 
the more intense of the two. The intensity by the Rossi-Forel scale 
was probably VIII at this point, and jt is possible that it was somewliat 
higher. 

Madronc, by E. C. Tcmpleton, — The sliock seems to have been 
somewhat less severe at Madrone than at Coyote. The inhabitants 
were startled, a large number of dishes were jarred from their shelves, 
and clocks were stopped, but no serious damage was done. One lady 
claims to have been shaken from the chair she was sitting on, and a 
man reported that he had difRculty in keeping his feet while standing 
on the ground. A gage reading was taken on Coyote Creek two and 
a half miles northeast of Madrone, but it showed no change in the 
flow. The intensity of the shock at Madrone was apparently about 
VII R.-F. 

Boulder Creek, by W. S. Rodgers. — I was sitting at niy desk here 
in the "Mountain Echo" office writing at the time of the earthquake, 
the hour being about two o'clock p.m. It commenced with an almost 
imperceptible tremble that gradually increased in force for a few 
seconds until there were (wo or three quite sharp and strong final 
oscillations that caused the wooden frame building in which I was at 
the time to crack and snap in the joints most viciously. So pronounced 
was the cracking that I thought the large panes of glass in the front 
windows would surely break. By this time I had risen, intending to 
leave the building, when the quake seemed to stop as suddenly as 
it had commenced. I did not feel any light final oscillations after the 
hard shock, as some claimed to have experienced. 

In my office nothing was thrown down, but in some of the grocery 
stores about town a few canned and bottled goods were thrown from 
the shelves. No serious loss or damage was suflfered from this cause, 
however. In the store immediately opposite my office something 
was thrown from above on to some dishes, a few of which were broken. 
I heard of no damages in any dwelling house, and there were no chim- 
neys broken off or thrown down in town. As near as I could discern 
the vibrations were from east to west. 

My eldest son, who is a civil engineer, was surveying near some 
buildings on a fargi about a mile north of town. He said that before 
he felt the vibrations of the quake he plainly and distinctly heard a 
pronounced rumble like thunder in the southeast, the interval being 
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several seconds, he thought. I did not hear this noise, but of course 
this could easily have been swallowed up in the noises of the town. 
Moreover, I was inside at the time. My son says that all of his sur- 
veying party heard the rumbling sound before the quake. lie also 
told uie that the vibrations seemed to be from southeast to northwest, 
according to his experience. Also that there were some short vibra- 
tions that seemed to he |>erpendicular. The only other item of interest, 
perhaps. 1 conid add was that here in town the startled people nished 
from the business places to the street when the Jiardest shocks came. 

.V/or^'flH Hill, by E. C. Templelon. — At Morgan Hill a few win- 
dows were broken, clocks stopped, and dishes were shaken from their 
shelves. A tank and windmill about forty feet high were tilted sev- 
eral degrees out of plumb toward the west. A few chimneys are also 
reported as having been shaken down, and at a low sag in the valley 
floor two telegraph poles are said to have been broken off at the ground, 
the tension of the wires preventing them from faUing. The intensity 
of the shock here was probably about VII R.-F. 

San Marliit, hy E. C. Tcmplcton, — .Apparently the intensity of 
shock at San Martin was not more than \'I R.-F. It was plainly felt. 
and broke a few dishes by jarring them from their shelves. Xo other 
damage is reported. 

Sania Cruc. by E. C. Tenipleton. — The shock was not nearly so 
severe as that of .April i8. \*jofy Many of the people were alarmed 
and ran out of the stores and houses, and some clocks were stopped. 
Xo damage is reported. Its intensity was probably VI R.-F. 

It'atsoiiville. by H'. R. Radcliff. — When the i|uake of July ist 
came I was in the act of winding the clocks of our coin safe in the 
Itank of Watsonville. The half-ton door of the safe was open, its 
direction being from southwest to northeast. The safe stands on a 
concrete floor seven feet in thickness, and inside of a concrete, rail- 
road-iron and steel vault with walls two feet in thickness. The shock 
caused the heavy door to sway perhaps a quarter of an inch, and the 
swaying continued several .seconds. Though the door swayed per- 
ceptibly the .stacked gold coin within the safe was not disarranged. 
We have had lighter shocks which threw over the gold stacks within 
the safe. 

While the shock was long and su^estive of the 1906 shock, no 
ilamagc was done to buildings, no glass was broken, no fissures ap- 
peared, no landslides occurred, and but few clocks v^ere stopped. The 
shock vvas preceded by a long roaring sound similar to the noise 
which preceded the shocks of lyof). 
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Coaliiiga, by R. E. Colloin. — On Saturday, July i. 1911, at ap- 
proximately 2 p.m., the writer noted a very feeble earth shock at the 
Coaliiiga piimp station of the A. P. L. Co., three and one-half miles 
north of the town of Coalinga. The writer was sitting indoors at a 
desk at the time. The shock .seemed to occur in two phases several 
seconds apart. The principal directions of motion seemed to be north- 
erly and southerly. The only visible effect of the shock was the gentle 
movement of the surface of some water in a glass jar. This shock 
was felt by a number of persons seated indoors in Coalinga. 

Los Angeles, by Clarence B. Osborne, — The earthquake of July 
I, 1911, was felt in Los Angeles, but it was so light in effect that only 
a few people in the higher buildings noticed it and but few of these 
realized what it was. 

I was on the sea coast south of Redondo at the time of the quake 
and did not feel it, but my attention was called to a number of small 
rock slides that were started simultaneously on the steep bluffs at the 
time, as the air was still and there did not seem to be any reason for 
them. 

The sandy beach line from Del Rey south to Redondo is s)>otted 
here and there with small patches of thick black crude oil. This is 
washed ashore from a seepage out at sea and is supposed to be along 
a fault line that is parallel to the coast and about half a mile out from 
the shore. 

On July 4, 1911, 1 was along the coast from Del Rey to Redondo 
and found between high and low tide-marks that the beach was almost 
black with these patches of crude oil, I have visited this coast line at 
different times for the past five years, after heavy storms and high 
tides, and have always paid attention to the crude oil, but t have never 
seen any similar amount of od as was on the beach after the earth- 
quake of July I, 191 1. 
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MICROSEISMIC MOVEMENTS. 

Bv H. Benndorf (Ghaz) 

(Translaled by C. Abbe, Jr., from "Geologische Rundschau" I, 183-186: Leipzig. 
1910) 

1. Hcckcr, O. : Ucbcr die Ur&achcn der mile rose ismischen Bewegung. 
Aus seismometrischen Beobaclitungen in Potsdam in dcr Zeii vom 1, Janiiar 
bis 31, Dczember 1905. Berlin, 1906. 

2. Klolz, O. ; Mikroseisms. Jour, Roy. Astron. Soc. Canada. 1908. p. IQS- 

3. Galitzin. B.: Ueber mikroseismiche Bewegungen. Beitr. t. Geophysik, 
10: 86. 1909. 

4. Schneider, R: Uebcr die pulsatorischen Oscillationen ( mikroseismische 
Unruhe) des Erdbodens im Winter 1907/08 in Wien. Mitteil. Erdbeben-Komm. 
N. F. Nf. 35. Wien, 1909. 

5. Linkc, F. : Die Brandungsbewegungen des Erdbodens und cin Versuch 
ilirer Verwendung in der praktischen Mctcorologie. Abhdl. k. Ges. d. Wiss., 
Gottingen. N. F. VII. 1909- 

In addition to the true earthquakes and disturbances of a local 
nature such as those caused by street traffic, etc., the seismograph also 
records a peculiar species of very small waves known as "pulsatory 
oscillations," "microseismic unrest," "pendulum unrest," etc. A large 
number of prominent seismologists have already studied these disturb- 
ances with some care, but without being able to arrive at any gen- 
erally accepted explanation of the phenomenon. Accordingly the 
Permanent Commission of the International Seismological Associa- 
tion, in session at the Hague in September 1907, appointed a special 
committee (Kommission) and charged it with the study of these 
microseismic movements, in order to solve if possible the questions 
as to their nature and cause. 

The writer does not know whether or not this Special Committee 
has made its report ; but in any case a number of papers bearing upon 
this problem have been published in the past few years, and tfiey 
have essentially aided our understanding of the phenomenon. 

Hecker differentiates four kinds of microseismic disturbances, 
according to the records at the Potsdam station, as follows : 

1. Movements of very short period, up to 4 seconds; 

2. Movements with a period of about 7 seconds : 

3. Movements with a period of about 30 seconds ; 

4. Movements with a period of i or more minutes. 

The movements of the first kind are due to vibrations set up by 
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traffic, factory machinery, etc. The movements of the fourth kind 
are of such rare occurrence that at present nothing more can be saiti 
as to their nature. 

The waves having a periwl of seven seconds occur priacipally in 
the winter and sometiires continue for one or more days. Investi- 
fjations dnring 1904 and 1^05 showed that the 7-seconds waves arc 
independent of local winds, local pressure-gradients, and aiso of 
changes in temperature and pressure. On the other hand it was defi- 
nitely e'^tablished that these waves depend upon the maximum pres- 
sure differences over the whole of Europe, and that increasing pres- 
sure differences correspond to increasing amplitudes in the crustal 
movements. Comparisons with the state of the sea on the coast of 
Norway reveal but slight increase in crustal movements with an in- 
creasing sea. 

Tn contrast to the 7-seconds waves, the 30-seconds waves show a 
very distinct relation to the local wind force and pressure-gradients. 
Hecker therefore concludes that the 30-seconds waves are due to the 
friction of the wind on the earth's surface, but he reaches no defi- 
nite conclusion as to the cause of the 7-seconds waves. 

Klotz, using the material collected at the earthquake stations at 
Ottawa during 1907 and r(jo8, arrives at conclusions similar to those 
of Hecker. The microseismic movement {5- to 6-seconds waves) 
is most fre(|uent and strongest during the winter (October), and 
slightest during the summer (July, .\ugust) ; local winds are without 
influence, as are also temperature changes. He could find but one 
definite connection between these disturbances and meteorological 
conditions, viz: when a low is located over the Gulf of St. Lawrence 
the micro.seismic luovements always occur, and they are particularly 
strong if a high lies south of the low and is situated over the .Atlantic 
coast. 

Galitzin's observations were made at Pulkova during the end of 
1907 and the beginning of 1908, His results wholly confirm Keeker's 
investigations. Galitzin departs from Hecker's view in ascribing a 
yet more local origin to the 30-seconds waves (i.e., the movement of 
the ground due to swaying of trees in the wind, the pressure of the 
wind against walls of the building). He adopts Wiechert's recent 
views regarding the short-period microseismic movements (4- to 6- 
seconds waves), viz., that these are the proper vibrations of the eartli's 
crust as it rests upon an internal magma, which are dampened out to 
a large extent by the ocean swell. 

Schneider subjected the material from the Vienna station for the 
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winter of 1907-08 to a specially searching analysis. He found the 
most frequent waves to have a period of about 6 and a mean ampli- 
tude of 0.00301111 actual movement of the ground, the vertical com- 
ponent of the waves being markedly smaller than the horizontal com- 
ponent. Schneider adopts Wiechert's view and brings forward the 
following reasons in its support: local winds, as well as pressure 
distribution, are without influence on the movements; storms on the 
Atlantic cause strong movements only when they send a swell against 
the coast. Schneider finally carries out the interesting experiment of 
computing the simultaneous disturbances at Hamburg, Strassburg, 
and Vienna, and finds that the amplitude of the waves decreases con- 
siderably with the distances from the Atlantic ocean. 

Linke has studied these problems the most thoroughly of all, and 
even the title of his paper indicates that he also holds to Wiechert's 
hypothesis. His observational material comes from Apia (1905-06). 
This station, located in the midst of the Pacific ocean, enables him to 
investigate' the connection with surf and swell in a manner not pos- 
sible for the mainland stations. His investigations lead him to the 
indubitable conclusion that the microseismic movements in Samoa (by 
the way, they are notably more intense there than at the mainland 
stations) are caused by the surf. This conclusion is especially con- 
vincing, since, in addition to the statistical summaries, he brings for- 
ward detailed investigations of the effects produced by individual 
storms. 

The general results of the works reviewed may perhaps be sum- 
med up as follows: 

The microseismic vibrations of short period (about 6 seconds) 
are independent of the local influences of the weather conditions; a 
necessary but not adequate condition for their occurrence is the ex- 
istence of a marked low over the ocean. Among the hypotheses so far 
advanced, that by Wiechert is the only one that well explains the ob- 
servations. It may then, at present, be safely assumed that in these 
microseismic oscillations we have to do with vibrations set up by the 
ocean surf. It remains for future investigations to show the nature 
of these vibrations and how far they are modified by the geolc^cat 
peculiarities of the place of observation. 
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Bot,ETiN DEL Servicio Sismolojico de Chii.e ii, ano de igog, 

l-OR EL CONDF, MOXTESSUS DE BaLLORE, DIRECTOR DEL SeRVICIO SiS- 

MOi-ojico. Santiago <le Chile, igio. 

This second volume of the reports of the Seismologic Service 
of Chile by Count de Montessus de Ballore contains 305 pages of text 
and 23 plates. 

The first 238 pages of the bulletin are taken up with the observa- 
tions made by the service and its volunteer assistants during the year 
1909. 

At page 239 the following conclusion is given in regard to the pos- 
sible use of the barograph as a seismoscope : — 

"In the preceding number of this bulletin the question of the 
availability of the barograph as a seismoscope is discussed. It is noted 
that this instrument when shaken sometimes gives abnormal records 
that are readily distinguished from its ordinary oscillations. These 
records, however, are very untrustworthy. A study of the records 
for 1909 fully confirms this view. . . . The following conclusion is 
reached: the barograph cannot be used as a seismoscope, although it 
registers certain shocks, under conditions that are peculiar and not 
now understood. The conditions cannot be investigated on account of 
the closing toward the end of 1909 of the Oficina del Tiempo de la 
Quinta Normal de Santiago, which contained the barograph, the 
records of which were studied in these bulletins. " 

There follows a resume of the seismoiogic observations, made by 
the French expedition to the antarctic regions of Chile under Dr. 
Charcot. 

A Wiechert pendulum was installed for fifteen days on Deception 
Island, an extinct volcano. Here were noted only tremors of doubtful 
origin, the records being very like those caused by wind. Besides, the 
frequent movements in the ice pack must have caused small tremors, 
the diagrams of which are of unusual forms. 

During the remaining nine winter months on Petermann Island 
various seismic phenomena were registered. Two important seismo- 
grama were obtained, one of doubtful value, the other corresponding 
to the shock of October 22d, whose focus was 650 kilometers from the 
Pour-quois-pas? in a direction nearly northeast or southwest, hut in this 



,y Google 



I2<) BUIXETIM OF THE SEISMOUKilCAL S(x:iETY 

case without its being possible to determine which. If it were toward 
the northeast the |x>itit would be in the ocean and well away from the 
western entrance to the Straits of Magellan, while if it were toward the 
southwest the shock would have had its focus in the very centre of 
the antarctic continent. 

The seismographic results of the expedition are thus commented 
i\\K>n by the distinguished director of the Seismological Service of 
Chile: "The supposed but false interdependence between seismic and 
volcanic phenomena has such deep roots in public opinion that I use 
the occasion to meet it once more with experimental evidence. It will 
be observed in fact that the region visited by the French expedition 
is full of the remnants of volcanoes, and yet its seismic equilibrium 
has been shown. Besides, the Scott expedition to Ross Sea kept a 
Milne seismograph in operation for eighteen months near the cele- 
brated volcano Erebus without its registering a single local earthquake. 
This stability of the antarctic continent is borne out also by the nega- 
tive results obtained in Tierra del Fnego by the Romanche in the winter 
of 1882, by meteorolt^ical observations made for years at the .Argen- 
tine Station of Ushuwaia, and finally by those made at Punta .Arenas 
since 1832." 

The bulletin contains a large number of engravings showing seis- 
mograms and the installations of the various instruments in the central 
observatory at Santiago, where, by the way, the instruments are mount- 
ed in a tunnel made in basaltic trachlle in the Cerro Santa Lucia park 
at Santiago. The first plate in the series in an interesting attempt to 
show seismicity by latitude. The peculiar narrowness of Chile as 
compared with its length lends itself remarkably well to this method 
of representation. One of these diagrams has been constructed from 
observations made during the year tfjocj; this places the highest seis- 
micity for that year between latitudes 2ft° and 2?° and the next lower 
lietween 32° and 33°. The same plate shows the seismicity for a 
hundred years, from 1810 to 1909, with its highest development 
l>etween 33° and 34°, and the next lower between ^2° and 33°. 

J. C. Branneh. 

- BUI-LKTIN SEMKSTRIK[. DE L'OrSEHV.VTOIRIC MfeTEOROIXXlIQUE Df 

Seminaire-Coi.lkce St. Maktial, Port-ah-I'risce. Haiti, Janvier- 
Juin, 1910: Juillet-Decembre, 1910. 

The bulletin of the Observatory of the College St. Martial under 
the direction of our colleague, Professor J. Scherer, Director of the 
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Observatoire Meteorologique, forms part of the series of bulletins 
published in the "Annales Meteorologiques" of Austria and of France 
since 1888. The bulk of the bulletins is necessarily given up to the 
usual comprehensive meterological observations, but at pages 51 to 54 
and from 149 to 150 are lists of earthquake shocks reported from the 
various stations in Haiti during the year 1910, and of the microseisms 
recorded by the one seismograph at Port-au-Prince. 

Only one shock having an intensity of VI or more was noted 
during the year 1910, and that occurred on August 30. The highest 
intensity (VII) was reported at Jeremie. 

J. C. B. 



Cataldgo de LOS Temblores (Macroseismos) Sentidos en la 
Republica Mexicana y MiCRosEisMos Registrados en la Estacion 
Seismologico Central, Tacubaya, D. F., Durante el Segundo 
Semestre de 1909, Paregones del Instituto Geologico de Mexico, 
t. Ill, No. 8, pp. 435-496. Director, Jose G, Aguilera, Subdirector, 
Juan D. Villahello. Mexico, ign. 

The data given in this valuable report are contained in formal 
tables, which include dates of the shocks recorded, the instruments and 
their components, intensities and phases, duration, amplitude, focal 
distance, and occasional notes or additional observations. 

In the list of the macroseisms it is noted that during the perio<l 
covered by the report there was one shock on July 30th that reached 
an intensity of VII at Acapulco and Chilapa. At Acapulco the shaking 
is said to have lasted one minute, several buildings were destroyed, per- 
sons injured, and there was a general panic. At most places from 
which it was reported, however, the shock had an intensity of only II 
or III. Many of the shocks reported were accompanied by subter- 
ranean sounds. 

A distinction is made in the report between the shocks reported 
at the central seismologic station at Tacubaya near the City of Mexico 
and those observed elsewhere. The Tacubaya station is provided with 
two Bosch- Omori instruments with a ten kilo weight and with a 
Schmidt trifilar gravimeter. Most of the shocks in these tables are 
recorded as having their origin within a radius of 1000 kilometers. 
Out of the 176 earthquakes mentioned in the Tacubaya table, 11 were 
at a distance greater than 1000 kilometers. 

J. C. Bbanner, 
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The Baluchistan Earthquake of 21ST October, igog. By 
A, M. Heron, B.Sc, F.G.S. Records of the Geoli^cal Survey of 
India, vol. xli, pp. 22-35, I9ii- 

The earthquake (intensity IX, Rossi-Forel scale) occurred at 
about 5:12 a.m., in a district from forty to fifty miles to the north of 
Jacobabad, and resulte<l in the loss of 231 lives and much damage to 
the villages of Bagh, ISellpat, and Shahpur. As in most strong earth- 
quakes, the onset of the shock was sudden. Mr. Heron traces three 
isoseismal lines from the evidence of damaged buildings. They are 
remarkable for their great elongation from northwest to southeast, the 
innermost being fifty-seven miles long and only eight miles wide. The 
central area is covered by thick alluvial deposits, but it lies in the 
gigantic festoon of the Marri and Bugti Hills, by which the north and 
south trend of the Baluchistan ranges is interrupted. Mr. Heron 
considers that the earthquake was probably caused by a movement 
along a reversed fault, although no trace of deep-seated displacement 
is visible at the surface. 

C. D. (Geol. Mag.) 

Seismology, Terrestrial Magnetism, and Gb.\vitv. By Otto 
Klotz, LL.D. Report of the Chief A.stronomer (of Canada), 1909. 
.-\ppendix No. i. Ottawa, 1911. 

Of this report pages 26 to 52 are devoted to seismology. The 
(~iottinger nomenclature at page 26 is followed by five pages of tables 
giving data regarding shocks recorded at the Earthquake Station. 
Dominion Astronomical Observatory, at Ottawa, Canada. From Jan- 
uary I, 1908, to March 31, 1909, sixty-two shocks were recorded, only 
one of which was of Canadian origin, and that in the vicinity of 
Ottawa. 

Aside from the value of the long list of recorded earthquakes. 
which goes without saying, this report is noteworthy for its frank and 
clear statement of many of the difficulties encountered by seismologists, 
and for its discussion of scismologic problems. 

.-\t page 34 reference is nia<le to the "difficulty we encountered 
when trying to read on the seismogram the arrival of the long wave." 
Again, "it is believed that the discordances obtained for the velocity 
of the long waves are mostly or wholly attributable to the uncertainty 
of identifying, midst the complexity of longitudinal and transverse 
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waves antl their reflections wliich precede, the arrival of the surface 
or long waves." 

In this connection one is reminded that "There are now sonic 
two hundred earthquake stations distributed over the earth, and the 
sei sinograms furnished by them are far from homogeneous, and far 
from equal merit and value for stuilying the geophysical problems 
for which they are obtained. The first order of precision to be aimed 
at is that of time. Seismology demands now that the time recorded 
should be accurate within at least one second. .\s standard time is 
now so widely distributed by telegraph, there seems no reason why the 
time of every earthquake station should not be controlled by the time 
from some astronomical observatory." 

.At page 35 the author calls attention to the enormous area of 
archaean rocks in Canada and to the bearing of the geology on the 
occurrence of earthquakes, adding that, '"This is probably the large-^t 
area of archaean rock on the earth, being closely followed by the 
Scandinavian peninsula and Tinland. As earthquakes are intimately 
associated with the age of rock formation, the more recent being more 
subject to disturbances than the older ones, we may say that, broadly 
speaking, the vast area above referred to will always be fairly free 
from earthquakes." 

lie adds further that "The more or less severe, but not destructive, 
earthquakes that have visited eastern Canada are all associated more 
or less directly with the 'Great Champlain and St. Lawrence fault,' 
running from the gulf up the river to Quebec and then curving south- 
westerly to Lake Champlain." 

He quotes at length from an old manuscript account of an earth- 
<|uake that is said to have occurred in Canada, February 5, 1663. And 
not the least of Dr. Klotz's services to seismology is his directing 
attention in a dozen words, to the ridiculously extravagant language 
often employed in such descriptions. The account .says the mountains 
"were torn from their beds and thrown upon others, leaving immense 
chasms in the places from which they had issued," and "mountains 
were overthrown, swallowed up by the gaping, or precipated into 
adjacent rivers, leaving in their places frightful chasms or level plains." 
"Xear St. Paul's bay ... a mountain al»out a quarter of a league in 
circumference, situated on the shore of the St. Lawrence, was pre- 
cipitated into the river, but, as tf it had only made a plunge, it rose from 
the bottom and became a small island." It is added that this earth- 
quake "contimied from I'ebruary to August, that is to say. more than 
six months, almost without intermission." Of all this, and a lot more 
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of the same kiiKl, Dr. Klotz simply says "that the narrators of the 
above anticipated the sensationalism of tlur 'y^low' journals by two 
and a half centuries." 

There follow lists of shocks reported by the press in 1908 and 1909. 
Under the head of microseisms many interesting matters are discussed, 
which a lack of space will not permit us to quote here. The paper 
should be in the hands of every student of seismology. 

J. C. B. 

Thirtieth Report of the State Geologist of New York. 
John M. Clarke, Director. Albany, April 15, 1911. 

At pages 21 to 24 is a brief report on the seismological station 
maintained at Albany under the care of the State Geologist. Twenty- 
three shocks were recorded at the station during the year ending 
September 30, 1910, as compared with nineteen during the previous 
year, making a total of seventy-seven recorded since the instruments 
were installed in March, 1906. 

The heaviest shock during the year had a maximum amplitude 
of 30 mm. and continued for more than an hour. It originated in or 
near Iceland. 

The station is equipped with two Bosch-Omori horizontal pen- 
dulums of it.283 ks. 
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SEISMOLOGICAL NOTES. 



The Panama Canal and earthquakes. — The liability of the Panama 
Canal to injury by earthquake has been a matter of conjecture and of 
some speculation. It is interesting to note that the Isthmian Canal 
Commission has installed a Bosch-Omori loo kg. seismograph at the 
Ancon Observatory. The altitude of the station is 80 feet and its 
coordinates, lat. 8° 57' 16" N., longitude 79° 31' 4" W. Greenwich 
mean time is used. We have received two reports of earthquakes. 
Seismic record No. i shows a disturbance of February 15, 1911, first 
preliminary tremor lib 50m 48s. long waves beginning 11 :52:i5 and 
ending 1 1 :54 :oo. Both the north-south antl east-west components 
are given. There appears, however, to be no record of vertical motion. 
The approximate distance of the origin of the shock, 200 miles. Pro- 
bable direction, north. Seismic record No. 2, dated April 10, 191 1, 
shows a disturbance beginning at 6:42:30, The distance of the origin 
not given. — Ai.ex.\nder G. McAniE, Professor, U. S. Weather Bureau. 

Earthquakes at Unalaska. — Professor George Davidson sends us 
the following interesting note under date of July 3, 191 1 : "In look- 
ing over the Alaska Coast Pilot of i86g, I came across this statement, 
taken from Russian authorities, of the number of earthquakes that 
had been recorded at Unalaska by Weniaminof, as follows: 

Year Earthquakes Thunderstorms 

1825 7 1 

1826 5 2 

1830 2 o 

1831 4 4 

1832 7 6 

1833 4 4 

1829 and 1834 3 

Total 32 17 

.-\fter this time there is no record." 

Earthquakes at San Jacinto. — The newspapers report two earth- 
quake shocks at San Jacinto, California, on August 11, 1911. The 
first is said to have occurred shortly after 10 o'clock in the morning, 
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the other at 3 140 p.m. It is said to have been distinctly felt throughout 
Riverside, Orange, San Bernardino, and Ijjs Angeles counties. No 
damage is reported to have been done. 

Some of the difficulties. — The foUoviring letter from a member 
of the Society seems to express so well some of the difficulties of a 
seismologist that we take the liberty of quoting it. The Bulletin 
OF THE Seismolocical SociETv is meant to meet the needs referred 
to by the writer. 

"Personally I feel the need of a journal of communication with 
others having charge of seismographs. I feel the need of knowing 
what others are doing in the handling of their instruments or improv- 
ing them, I want to know how they solve their difficulties of one sort 
or anotlier, and I wish to tell some of my own. I want a paper of 
some sort coming to hand frequently, and promptly giving me some 
notion as to whether pendulum swayings registered at my station 
are noted at neighboring stations, and how far away, and so on. Ex- 
cept for a few of us who are running a postal-card exchange of data 
concerning earthquakes registered at our respective stations, we hear 
usually nothing more about the matter until the International Strass- 
burg 'Katalog' comes out four years after the earthquake in question! 

"I'd like to know who has a seismograph, where it is, and what 
kind of information I may get from the officer in charge, if any, etc. 
Some of us are in the dark, perhaps, as to methods of getting the best 
results from our instruments, as to mathematical formulae, as to this 
and that which we may be expected to know." 



Dr. Klotz has lately made some interesting and valuable observa- 
tions upon the conductivity of shocks by limestones. Blasting done 
with dynamite in shaly limestones at a distance of 10,000 feet, or 3050 
km., from the seismographs of the astronomical station at Ottawa, 
produced no effect on the seismogram. Dr. Klotz observes, however : 
"If there was any (trace), it was masked by the very small microseisms 
that were present on that day. Besides the presence of the minute 
microseisms two other causes militated against obtaining a record : one, 
the lack of compactness of the rock over that distance, and the other, 
the very rapid oscillations that would be set up, to which the seismo- 
graph could not well respond." — Report of the Chief Astronomer, 
Appendix I, pp. 25-26. Ottawa, 191 1. 



Members of the Seismological Society are urged to report any 
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earthquake they may observe to the "Secretary of the Seismological 
Society, Stanford University, California." Notes should be sent as 
soon as possible after the earthquake. 
The following form may be used : 

1. Place and date of the earthquake. 

2. Time and duration of the shock, giving hour, minute and sec- 
ond, if possible. 

3. State whether the time used is standard time. 

4. Was the observer in the open or indoors; lying down, sitting, 
standing, or walking ? 

5. Effects of the shock: rattling of windows, rattling of dishes 
and bottles, cracking of plaster, falling of chimneys. 

6. State whether the shock was accompanied by noise; de- 
scribe it. 

7. Was the shock generally observed ? 

8. Were people alarmed by it ? 

9. Any other notes that may be of interest. 

10. \ame and address of the observer. 



Books and papers for review in this HuLLETm should be ad- 
dressed to the "Secretary of the Seismological Society of America, 
Stanford University, Calif." 



Seism ologic stations that senil out monthly or other reports 
are requested to send copies to the "Secretary of the Seismological 
Society of America, Stanford University, California." 
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MIN'UTES OF THE MEETING OF THE BOARD OF DIRECTORS OF 

THE SF.ISMOLOGICAL SOCIETY OF AMERICA, 

SEPTEMBER 16, 1911. 

The meeting was called to order by President Braiiner at 3:30 p.m. in 
Room 1404, Merchants' Exchange Building, San Francisco. Direciors Branncr. 
Iliirckhaller, McAdie and Townley were present. 

The miniiles of the meeting of the Board held on April 6th were read 
anil approved. 

The death of Professor Jcsiah Keep, a member of the Society, was an- 
nonnced by the Secretary. 

The resignations of two members were accepted. 

Twenty- nine new members, whose names are subjoined hereto, were 
recommended by the president and secretary and elected to membership in 
the Society. Thirteen institutions were placed on the list of subscribers. 

By a motion duly seconded and carried Professor Ocorge Davidson was 
elected an honorary member of the Society. 

By motions duly seconded and carried the actions of the Secretary in 
starting a commercial account with the Bank of Palo Alto and in granting a 
hundred reprints free of charge to Mr. Wood were approved. 

It was decided, by a motion duly seconded and carried, that hereafter 
only fifty reprints, without covers. Ire granted free to contributors to the 
Bulletin. 

The matter of exchanges was again brought up. and it was the opinion 
of the directors present that the Society should not establish an exchange list, 
and that no discounts should be allowed to news agencies. 

The Board adjourned at 4 145 o'clock, 

S. D. TOWNLEY, Secretary. 
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NEW SUBSCRIBERS. 

Board of Fire Underwriters of the Pacific: San Francisco. Cal. 

Bureau of Mines (Director of) : Washington, D. C. 

Chief Astronomer: Ottawa, Canada. 

Cornell University (Library of) : Ithaca, N. Y. 

Dartmouth College (Library of) : Hanover, N. H. 

Erd magnet) sches Observaiorium und Erdbeben-Station : Munich. Germany. 

Geological Survey (Librarian of) : Ottawa, Canada. 

Michigan College of Mines (Library of) : Houghton, Mich, 

Mount Holyoke Ollegc (Library of) : South Hadley, Mass. 

Ohio State University (Library of): Columbus. Ohio. 

The University of Chicago (General Library of); Chicago. 111. 

University of Missouri (General Library of) : Columbia, Mo. 

University of Pennsylvania (Library of) : Philadelphia, Pa. 



NEW MF,MBRRS ELECTED SEPTEMBER 16, 1911. 



B, A, Baird: San Francisco. Cal. 
C!ount de Montessns de Ballore: 

Santiago, Chile. 
Bernard Bienenfeld; San Francisco, 

Cal. 
P. Carmody : Port-of- Spain, Trini- 
dad. 
Rich. Cirvera, S. J. ; Tortosa, Spain. 
T. W. Edgewood David: Sydney. 

Australia. 
A. J. Eddy : Berkeley, Cal. 
N. K. Foster: Oakland. Cal. 
Andrew Greig : Broughty Ferry, 

Scotland. 
Santiago de la Huerta : Habana, 

Cuba. 
Fred. H. Lahee: Cambridge, Mass. 
Homer Laughlin. Jr. ; Los Angeles. 

Cal. 
Samuel Crocker Lawrence 

Medford, Mass. 






E. R. Lyman : Portland, Ore. 
Mary Isabel McCracken: Sl.nnford 
University. Cat 

D. W. Ohern : Norman. Okla. 

W. W. Orcutf: Los Angeles, Cal. 
J. R. Pemberton: Balcheta. Rio 

Negro, Argentina. 
Wm. B. Phillips: Austin, Texas. 
Wm. G. Reed: Berkeley, Cal. 
J. S. Rossiler: Pasadena, Cal. 
J. Scherer: Port-au-Prince, Haiti. 
Edgar C, Smith; Riverdale, Cal. 
W. A, Spaulding: Los Angeles, Cal. 

E. C. Templeton : Palo Alto. Cal. 
Reach Thompson: Menlo Park, Cal. 
Burton M. Vamey. Portland. Maine. 
Chester W. Washbunie : Buenos 

Aires, Argentina. 
Eilward Wigglesworth : Cambridge. 
Mass. 
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ROSSI-FOREL SCALE OF EARTHQUAKE INTENSITIES 

I. Microseismic shock: recorded by a single seismograph or by 
seismographs of the same model, but not by several seismo- 
graphs of different kinds : the shock fell by an experienced 
observer. 
II. Extremely feeble shock: recorded by several seismographs 
of different kinds: felt by a small number of persons at rest./ 

III. Very feeble shock: felt by several persons at rest: strong 

enough for the direction or duration to be appreciable. 

IV. Feeble shock: felt by persons in motion : disturbances of mov- 

able objects, doors, windows; creaking of ceilings. 
V, Shock of moderate intensity: felt generally by everyone: 
disturbance of furniture, beds, etc., ringing of swinging bells. 
VI. Fairly strong shock : general awakening of those asleep, gen- 
eral ringing of house bells ; oscillation of chandeliers : stop^- 
ping of pendulum clocks : visible agitation of trees and shrubs ; 
some startled persons leave their dwellings. 
VII. Strong shock: overthrow of movable objects; fall of plaster; 
ringing of church bells: general panic, without <lamage to 
buildings. 
VIII. Very strong shock: fall of chimneys, cracks in walls of build- 
ings. 
IX. Extremely strong shock: partial or total destruction of some 
buildings. 
X. Shock of extreme intensity: great disaster, buildings ruined, 
disturbance of the strata, fissures in the ground, rock-falls 
from mountains. 
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DSCBMBER, 1911 



MAJOR CLARENCE EDWARD DUTTON. 
By J. S. DiLiER. 

Major Clarence Edward Dutton, the first seismologist of his 
country, was born May 15, 1841, at Wallingford, Conn. His parents 
were Samuel Henry and Emily (Curtis) Dutton. At Ellington, Conn., 
he received his prehminary education, and in June, 1856, entered Yale, 
where he graduated in i860 with the degree of A. B., at the age of 
nineteen. April 18, 1864, he married Emeline C, Babcock, of New 
Haven, Conn. 

He was appointed Adjutant of the 21st Connecticut Volunteers in 
September, 1862, and the following year, March i, promoted to cap- 
taincy. In 1S64 he was transferred to the ordnance corps of the 
Regtdar Army and served through the remainder of the war. While 
assigned to the Watervliet Arsenal in 1865 he began his scientific 
studies, which, as he informs me, took two directions, and both were 
pursued with ardor. The first was invertebrate paleontology, under 
the guidance of Hall and Whitfield. The second was the study of 
■ steel, in co-operation with Alexander L. Holley of the Bessemer Steel 
Works, of Troy. 

At the end of five years he was transferred to Frankford Arsenal, 
Philadelphia, and thence to Washington, D. C. Being cut ofif from 
immediate contact with steel, his thoughts concentrated upon geology, 
especially upon the physical side of the subject. He became a member 
of the Philosophical Society of Washington in 1872, and became ac- 
quainted with Professor Henry and Professor Baird, who took great 
interest in him. Through the former and Major Powell he was 
induced to consent to a detail for duty with the Powell Survey, 
beginning May 15, 1875. 

He devoted ten years to the stu<ly of the great plateau region of 
the West, and published his results in the three reports entitled "The 
Geology of the High Plateaus of Utah" (4).' "The Tertiary History 
'The numbers in ( ) refer lo list at end of this article. 
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of the Grand Canyon District" (5), and "Mount Taylor and the Zuni 
Plateau" { 1 1 ) . The plateau region of the West is remarkable not only 
for the simplicity of its geological phenomena but also for their 
variety and the enormous scale of their exposure. 

Dutton's general conclusions arc summarized in the closing chap- 
ter of the report on Mount Taylor and the Zuni Plateau. Although 
contributing much to the geological history of the region, he evidently 
dwells with greater pleasure on the physical problems, and remarks 
in describing the facts that "N'ot a trace of systematic plication has yet 
been found there," referring especially lo the Zuni part of the plateau 
region. "The terms anticlinal and synclinal have almost dropped out 
of the vocabulary of the western geologist. The strata are often 
flexed, but the type of flexure is the monocline." 

"The country at large shows no traces of a wide-spread, universal 
horizontal compression; on the contrary, it discloses the absence of 
such stress. We seem here to get nearer to the real nature of the 
process which has built the mountains. Shorn of that extreme com- 
plexity which confuses and bewilders us in more highly developed 
structures, the great central facts and the true essence of the 
mechanical processes involved become much clearer. The mountains 
of the West have not been produced by horizontal compression, but by 
the action of some unknown forces beneath, which have pushed them 
up." 

The greatest problems of physical geology, according to Dutton 
{13}, are: First, What is the potential cause of volcanic action? 
second, What is the cause of elevation and subsidence of restricted 
areas of the earth's surface? third. What is the cause of the foldings, 
distortions, and fractures of the strata? 

The first two of these he regarded as being without satisfactory 
explanation, and for the third he proposed a solution in elucidating 
his theory of isostasy. After having shown that the contractional 
hypothesis is quantitatively insufficient and qualitatively inapplicable 
in explaining the folding of the earth's crust, he presented in a modified 
form and greater detail the theory propounded many years ago by 
Babbage and Herschel. It was pointed out that the unloading of the 
land by erosion and the loading up of the sea floor by deposition 
resulted in a force which tends to push the loaded sea bottoms 
inwards upon the unloaded land horizontally, a force of the precise 
kind that is wanted to explain the origin of systematic plication. 

This view of the essentially isostatic condition of ihc earth has 
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been in recent years most ably advocated, and in fact practically 
demonstrated by I'rof. John F. Hayford.- 

Diitton began the study of the volcanic problems early in his 
geological career, and his first papers in the Geological Snrvey {2) 
pertained to volcanic prodncts. In his study of the plateau region he 
had abundant opportunity to observe an extensive and profoundly 
interesting series of complete and dissected volcanic as well as plutonic 
masses. In 1882 he visited the Hawaiian Islands to study ICilauea, 
Maiuia Loa and their other great volcanoes (S) before beginning his 
survey of the great volcanic field of northern California and Oregon, 
where in 1885 he made a special study of Crater Lake and recognized 
its similarity to the great Calderas of Hawaii (12). 

He returned to military duty in September, 1890, and went to 
Central America and Lake Nicaragua. In 1S91 while on duty at San 
Antonio, Texas, he made frequent excursions to the volcanoes of 
Mexico, and writes;^ 

"The subject of volcanoes and volcanic action had become of 
paramount interest to me, and I resolved to grapple with the problem. 
All existing theories seemed to me insufficient, and I became a con- 
firmed skeptic as to the cause of volcanic action. 

"From 1875 to 1885 I continued to labor with the problem, but 
could only conchide that the cause was the local accumulation of heat, 
yet no reason for it appeared. For a time, it seemed possible that the 
intrusion of basaltic masses among the sedimentaries might lead to 
chemical reactions which would furnish the necessary heat, as Prof. 
Reginald A. Daly so ably proposes in his recent theory of volcanic 
action. But after long reflection I could not accept that view and con- 
cluded that as science then stood a sohition was impossible and it 
would be necessary to wait until some discovery should put another 
face u])on the subject. 

"A discovery of prime importance — that of radioactivity — was 
made in 1897, which seemed to furnish the explanation of the necessary 
amount of heat near the earth's surface." 

His final conclusions on volcanoes and radioactivity were presented 
to the National Academy of Sciences, April 17. iyo6 {16). 

Dutton made a special study of the Charleston earthquake in 1886 
and devised a new method of ascertaining the depth of the earthquake 
focus, and measured with greater accuracy than ever before attained 

2 The Figure of tlie Earth and Isoslasy. Coast and Geodetic Survey 
Report, 1909. Also, Supplementary Investigations in 1909 of the Figure of the 
Karth and Isostasy. Coast and Gcoilclic Survey Report, igto. 

^Letter October, T91J. 
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tlie rate at which an earthquake wave is propagated. His isoseismat 
method of computing the depth of focus involves the determination of 
two critical points, first, the epicentruni, and second, a point on a radius 
from the epicentruni at which the intensity of shock diminishes most 
rapidly. A line drawn around the epicentruni through the points of 
most rapid change of intensity Dutton called index circle, and pointed 
out that the focal depth is the product of the radius of the index-circle 
multiplied by the square root of three. 

The Charleston earthquake had two foci. The depth of the 
Woodstock focus he computed to be twelve miles and of the Rantowles 
focus nearly eight miles. The determination of the index circle, as 
Dutton himself recognized, is a matter of difficulty and the conclusions 
nnist be regarded as only approximate. 

Concerning the rate of propagation he remarks { 14, p. 211) "after 
a careful study of all discussions of this particular problem, based upon 
the observations made in other earthquakes, I have no hesitation in 
declaring my opinion that the result from the Charleston earthquake 
far outweighs them all and that all preceding determinations of this 
quantity are wholly Invalid or wide of the mark." The average speed 
of propagation of the Charleston earthquake Dutton determined from 
three groups of observations to be 5,184 meters per second. He devoted 
much consideration to the nature and mechanism of the earthquake 
wave motion. 

Since his retirement, February 7, 1901, with abundant time at 
his disposal, his active mind has been much employed in the further 
study of volcanoes and earthquakes. His latest publication on the latter 
subject is a book entitled "Earthquakes in the Light of the New 
Seismology," a most comprehensive, instructive and useful contribu- 
tion to popular knowledge. To quote his own words : 

"Chapter I sets forth the nature of an earthquake according to the 
modem concepts. It defines the technical terms used in discussion, 
and describes the action taking place on the surface of the ground 
during a quake of great energy. Chapter IF is a general discussion 
of the causes of earthquakes. Two causes are recognized, apparently 
quite distinct, though possibly they may have interrelations not yet 
recognized. The first cause is volcanic ; the second is that force which 
is presumed to be always active in disturbing the rocks which form the 
outer shell of the earth, resulting in the building of mountains, the 
folding and shearing of the strata, and the elevation and depression 
of the earth's crust. Thus wu have two i;roups of quakes, volcanic 
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and tectonic. They have in many cases distinct characteristics, and 
these are described in Chapters III and IV." 

The more important instruments used in seismometry are described 
in Chapters V and VI. and Chapter VII discusses the details of 
seismic vibratory motion and explains the four kinds of waves with 
which the inquiry deals. 

A chapter (VIII) is given to the amplitude and period of vibra- 
tion, and two chapters flX and X) to the subject of intensity. The 
chapter on the variation of intensity points out the method of com- 
puting the depth of origin of an earthquake wherever observations 
sufficient in number and accuracy can be obtained. 

"The speed of propagation of seismic vibrations is then treated 
(XI and XII). No specific problem in connection with earthquakes 
has been more dilig^ently investigated, and few are so difficult as this. 
It is only very recently that definite results upon this question have 
been reached. The chief trouble has been the great complexity of the 
waves generated by an earthquake, their different rates of propagation, 
and the difficulty of separating one kind from another. Nor was it 
known until recently that some kinds of waves are propagated through 
the earth-mass, while others go around it. 

"Since the speed of propagation depends wholly upon the ratio of 
elasticity to density, it becomes an index of those properties in the 
materials which compose the earth's interior. Chapter XIII is given 
to the discussion of this aspect of the subject." 

The subject of earthquake distribution or seismic geography is 
treated in two chapters (XIV and XV) and the final chapter fXVI) 
is devoted to seaquakes. 

Major Dutton is a member of many scientific and other organiza- 
tions, among which may be mentioned the Philosophical Society of 
Washington, the .American Geographical Society, the .Academy of 
Political and Social Science, the Geological Society of .America, the " 
National .Academy of Sciences, and the Seismological Society of 
.America. 

In his writings Major Dutton has a most vigorous and impressive 
style. His choice of words is of the best, euphonious, .simple but full 
of force and interest. His phraseology is direct, winning the attention 
of the reader and holding it throughout. He may be justly considered 
one of the best writers of popular geological science of his day. He 
resides at Englewood, New Jersey. 
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List of .\fajor Diittoii's Most Important Gcoloi;ical Ptiblications. 

1. A Criticism iinon the Contractidtial Hypothesis. 

.-im. Jvur. Sci , 3d scr.. vol. VIII. pp. 113-123. Aug. 1874. 

2. Report on the I.ithologic Characters of the (Tcnry Mmiiitain lii- 
trusives, in G. K. Gilhert's Report 011 the (Jcolofjy of the Henry 
Mountains. 

Pp. 61-65. 187;- 

3. Critical Observations on Theories of the Earth's Pliysical Evolu- 
tion. 

The Pen,,. Movlhly. ^tay and Juik-. 1876. <Revi(.-««I in .-Jih. Jour. Sci. 
3d ser., vol. 12. pp. 142-145,! 

4. Geology of the Hiph Plateaus of Utah. 18S0. 

United States GenRr.ipFiic.il .niul Geiiliifiical Survvy of the Rocky 
Mountain RcRion. J. \V. Powell in charKo. 307 pp. and atlas. 

5. Tertiary Historv of the Grand Canvon District. 

U. S. Geol. Silrs-ey M,m, 2. ^4 pp. ' 18S-, 

6. Physics of the Earth's Crust : bv Rev. Osmond Fisher. 

Am Jour. Sci.. 3d scr.. vol, XXIII, pp. 2S3-290. 1882. 

7. The Physical Gcolojjv of the Grand Canvon District. 

U. S. Geol. Survey id .Ann. Kept.. l8So-8l.'pp. 47-166. 1882, 

8. Hawaiian Volcanoes. 

U, S. Geo). Survey 4th .-\iin. Rept., 1882-83, PP- 75-219. 1884. 

9. The Effect of a Warmer Climate upon Glaciers. 

Am. Jour. Sci.. y] ser., vol. 27. pp, 1-18. 1884. 

10. The Volcanic Problem State<l. 

.Abstract in Ihill I'luL Sor. of tr„sl>instoii. vol. VI, pp. 87-92. 1884. 

11. Mount Taylor and the Zuni Plateau. 

U. S. Geol. Survey 6th .Ann, Rept,. 1884-85, pp. 106-198, 1885, 

12. Crater Lake. Oregon, a proposer! Xatioiia! Reservation. 

Scicttce. vol. 7, pp. 179-182, 1886, 
f^. On some of the Greater Problems of Physical Gcolojiv. 

f'liil. Soc. of lVashi„sln>l Bull., vol, XI. pp. SICM- Read ,April 27, 1889. 

14. The Charleston Earthquake of .\usnst ^i. iSSTi. 

U. S, Geol, Survey 9ih .Ann. Rcpl.. 1887-88. pp, jog-3_>8, 1889- 

15. Earthquakes in the light of the new Scismoloj:;y. 

Pp, 314, 1904, G. P, Putnam's Sons. New York. 

16. \'olcanoes and Radioactivity. 

(Read before the National Academy of Stiviiccs. April 17. 1906,1 
Pamphlet 12 pages — published by the i-'iig/iiivod Times, Englcwood, 
N. J,, for the author 

L'. S. (ii-:oi,. SuKv,, W,\sni.\GTo\, D. C, November 14, 1911. 



,y Google 



EAHTUnUAKE EPICENTERS 



EARTHQUAKE EPICENTERS 
By Otto Klotz 

As soon as an earthquake has been well recorded by a seismo- 
graph, the first question that presents itself is. Where was it? 

So far, no one has succeeded in answering his own question com- 
pletely save Prince Galitzin by means of the record of his own-devised 
seismographs, with magnetic damping and galvanometric registration. 

It is outside of the scope of the present paper to enter into a 
discussion of the records and theory of different kinds of seismo- 
graphs. 

The problem before us is, to locate geographically the epicenter 
of an earthquake. At the recent International Seismological meet- 
ing at Manchester, England, Professor Wiechert of Gottingen in his 
address spoke of three methods in vogue: the one of Prince Galitzin, 
the one of Professor Zeissig. and the one of the writer. TTiat of the 
latter we shall briefly describe. 

In modern seismographs we are able, when a good record has 
been obtained, to note the time of arrival of the first and second pre- 
hminary waves, that is, of the longitudinal or compressional waves, and 
of the transverse or distortional waves, designated as the P and S 
waves by our international nomenclature. From geographical Iv well- 
known earthquakes we know the transmission times fairly well for 
these waves for various distances, from which time curves, inaccu- 
rately designated as hodographs by some writers, have been con- 
structed, notably those by Wiechert and Zoppritz. Professor Zeis- 
sig has interpolated the 5" — P curve of these latter for intervals of 
to km. up to i.^,ooo km., representing a time difference of 5" — P of 
I2m 56s. The time-scale for a seismogram is supposed to be sufficiently 
open to read the individual second. The method to be described is 
the "Stereographk Method." 

In this projection the eye, or projecting point, is supposed to be 
at the pole of the primitive circle. The particular merit of this pro- 
jection is that all circles, great circles as well as small circles, except 
those whose plane passes through the eye. are projected on the primi- 
tive plane as circles. The data that we utilize for locating the epi- 



,y Google 



144 



L-LLETIN OF THE SEISM OLOGrCAI. SOCIETY 



center are the distances A. from three stations, besides the geographi- 
cal co-ordinates of the latter. 

We imagine a circle described on the sphere about one of the 
stations with a radius of A, converted into arc, lo.ooo km. = go". 
The epicenter obviously lies somewhere on this circle. Similarly we 
describe a circle about another station with its proper radius. This 
latter circle will intersect the former in two points, one of which is 
the epicenter. If now we again describe a circle about a third station, 
the ambiguity of the two points will be determined and the common 
intersection of the three circles, the epicenter, found. It is desirable 
that the three stations be fairly far apart. Let us make the prelimi- 




Fic. I. 



nary projection. In Fig. i, is the point of projection, AB the 
trace of the primitive plane upon which the projections are made. 
P is a station, having the latitude (p. PF ^=^ PE are arcnal radii 
or distance, 4, to epicenter converted into arc. FE is then the orthogo- 
nal projection of the small circle about P. This circle projected on to 
the primitive plane will cut it in // and K. i.e., HK is its diameter, 
and the middle point of HK, or /, is the center of the projected circle, 
giving HI and IK as radii. N! is the distance from the pole from 
which our circle is to be described, as we shall see presently. 

HI and N! are the two quantities that we require for the final 
construction and location of the epicenter, and as seen above, they 
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can be found graphically if the scale is not too small, say not less than 
10 cm. for the radius of the circle AOB.- It is more convenient, how- 
ever, to take the quantities from a table such as I computed for twenty- 
seven earthquake stations and published in the May-June, 191 1, number 
of the Journal of the Royal Astronomical Society of Canada. 

From mathematical considerations, if we call the distance PF, PE 
equal to A in arc, HI the radius = r, and A7 the polar distance = d, 
(NO = unity) then 

, cos sin A 

a--— — -r -r-, and r^ .-, ■ 

sin 9 -(- cos A sin + cos A 

We shall next proceed to the final construction, taking as example the 
Turkestan earthquake of January 3-4, 1911, and the published records 
of Strassbnrg, Pulkowa and Ottawa, that is \vc obtain 4 for each sta- 
tion from the time difference S — P. We thus have 

Strassbnrg - 48" 35', X = 7° 40' E, A = 5300 km. = 47° 42' 
Pulkowa = 59" 46', X — 30° 2o' E, A = 3690 km. = 33° 13' 
Ottawa = 45° 24, X = 75° 43 W, A ^- 9800 km. = 88° 12' 

Computing now d and r, or interpolating them from my above pub- 

hshed tables, we get for 

Strassbnrg d = 4.65, r ^ 5.20 

Pulkowa d = 2.95, r = 3.16 

Ottawa d = 9.45, r = 13.45 

in terms of radius = 10 cm. 

In Fig. 2 we have the primitive circle with 10 cm. radius. It may be 
mentioned here that we had special graduated forms engraved as 
shown reduced in Fig. 2. We proceed to draw the meridian lines for 
each station, being the longitude from 0°, or Greenwich, d is laid off 
from the pole along the respective meridian, and gives the center of 
the circle of which r is the radius, .This circle we proceed to describe, 
or an arc of it. This is done for each of the three stations and it will 
be found that the three arcs will intersect, if not at a mathematical 
point yet very close to each other. Theoretically, if the earthquake 
emanated from a point and our A's were absolutely correct, then the 
intersection with carefid drawing would practically represent a point 
for the epicenter. As a matter of fact, however, the earthquake or 
breakdown is not a point, but more properly a plane, so that we can 
scarcely e.'^pect our intersections to have a common point, but instead 
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to form a minute triangle of which we take the center of gravity as 
the most probable point of the greatest intensity of the seismic dis- 
turbance. 

From the distance of the pole to this point in our construction 
we obtain the latitude of the epicenter, for this distance is equal to 
tan (45° — J4 ipo), where ipo is the latitude of the epicenter. The 




longitude is read directly on our circle, simply by drawing the 
meridian line from the pole through the point or epicenter. In our 
diagram the distance from the pole is 4.28 cm., representing 
the tangent of 23° 10', hence if>„ = 43° 40', and the longitude we find 
to be 7S°2o' E. The epicenter of this earthquake has thus been found 
to be in 

tf> ^ 43° 40', and X =^ 78° 20' E. 
Prince Galitzin found by his method, the geographical co-ordinates to 
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be (p ^ 43° 14', X =^ 78° 24', a very close agreement. The epicenter 
has thus been found in a simple and expeditions manner, and with an 
accuracy quite in keeping with the data. It is to be observed that it is 
expected that the drawing is made with care and accuracy, otherwise 
considerable discrepancies may arise in the result, I find that I can 
get quite good results with a circle of radius lo cm. One of 20 cm. 
might be for some perhaps more serviceable, but we must not lose 
sight of the accuracy of our data, otherwise we are cracking walnuts 
with a sledge-hammer. With the present conditions I think we are 
doing pretty well if we feel fairly sure of our half degree in the loca- 
tion of our epicenter. 

We must pay attention to the algebraic sign of cos A, and also 
of sin (p -|- cos A, whereupon depends the direction along the meridian 
hue that d is measured. Cases may occur in which the algebraic 
summation of sin <p + cos A becomes very small, and hence d and r 
inconveniently large for plotting. In such a case another station may 
be chosen. 

-As the absolute time at some, perhaps many, stations is not very 
accurately known, thereby affecting the time record, it will be noted 
that in the above method the absolute time does not enter, but only 
the time difference S — P, in short the method is independent of the 
time correction. However, for other reasons it is highly desirable 
that all stations have their time accurate within a second. 

From our stereographic projection we may also deduce the azimuth 
of the epicenter. The azimuth is the angle at the station between the 
meridian and the tangent to the great circle passing through the sta- 
tion and epicenter. For describing the circle we have three points, the 
station, its nadir and the epicenter. The station is projected on the 
meridian line at the distance of tan (45" — Vif), and the nadir at, 
and in the opposite direction, of cot (45° — >2<P)- We have thus 
three points cut by the circle. The three points form a triangle in 
the circle and the angle at the epicenter is equal to 180° — A, from 
simple geometrical relations, A being the azimuth. In the figure {2) 
the |>oints for tan and cot (45° ^- K f) ^or the three stations, and 
the connecting lines to the epicenter, are not drawn, to avoid confusion. 
In the original drawing we find graphically for Ottawa, A = 18°, 
and solving trigonometrically the spherical triangle, pole — station — 
epicenter, we obtain A ^= 18° 2^'. 

Similarly for Strassburg we find graphically A ^= iii^jo', com- 
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puted A ^ ii2''5', and for Pulkowa, graphically A ^ <^y°4^', com- 
puted A = y7°28'. Prince Galitzin obtains the mean, from the maxi- 
mum amplitudes at the beginning of the first preliminary tremors, 
-4 = 97°57'- 

The above azimuths are reckoned from north through east. 

In some other methods the azimuth enters into the determination 
of the epicenter, which is not the case in the method described. It 
will now be shown briefly how the stereographic projection adapts itself 
also for plotting with azimuth and distance. We have given A and A. 
On the meridian line of any station we have three known points, 

sin /+ tos A ' '»"(45°-J^0) and cot (45° - >^0). 

as already explained. Furthermore, the angle A at the station, which 
gives the tangent to the circle through the station and its nadir. 
Hence the circle can be described having given a chord and tangent, 
sin A 

I ^ -j- CO! 

from the center. Where this arc cuts the above circle is the epicenter, 
whose geographical co-ordinates are determined as already described. 

Dominion Observatory, Ottawa, October 2, 1911. 
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THE IMPORTANCE OF DISPLACED OBJECTS IN STUDY- 
ING THE CHARACTER OF EARTHQUAKE MOTION 
IN MEGASEISMIC AREAS 

By Stephen Taber 

The displacement of objects free to move is a common phenome- 
non of great earthquakes, but its importance as an aid in studying the 
character of motion in the megaseismic area has been very largely 
overlooked. In recent years the establishment of seismological obser- 
vatories and the perfection of sensitive instruments for recording 
minute movements of the earth have added much to our knowledge 
of those earthquake vibrations which are transmitted great distances 
from their origin, but as yet very Httle is known concerning the 
larger waves that are confined to the megaseismic area of earthquakes, 
and that are responsible for the great loss of life and destruc- 
tion of property that frequently accompany them. 

There are large areas of the earth's surface without seismological 
stations of any kind, and where severe earthquakes have occurred in 
the immediate vicinity of such stations they have furnished very little 
information concerning the motion, for the instruments, designed to 
record microseismic vibrations, are quickly disable,d by the violence of 
a heavy shock, making the records so imperfect as to be useless in 
studying the actual motion. In the excitement attending severe earth- 
quakes few people make accurate observations, and therefore the 
statements of most individuals as to the direction and character of 
motion are of little or no value. For these reasons, in studying 
earthquake motion in the megaseismic area, we are in most cases 
largely dependent on the circumstantial evidence furnished by the 
movement of liquids and the displacement of solids, such as stones, 
buildings, furniture and other objects. 

Attempts to make use of such data, however, have usually proved 
unsuccessful because observers have almost always failed to dis- 
tinguish between the different forms of displacement, particularly 
between simple translation in a straight line and overturning 
of the object. In the study of earthquakes this subject of the displace- 
ment of solids has not received the attention which it deserves. It was 
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first discussed in a scientific way by Robert Mallet, the founder of 
Tiiodem seismology, who devoted considerable space to the subject in 
his paper "On the Dynamics of Earthquakes; Being an Attempt to 
Reduce Their Observed Phenomena to the Known Laws of Wave 
Motion in Solids and Fluids," which was presented before the Royal 
Irish Academy in 1846.' It was in this thesis that he first advanced the 
theory that earthquake movement was due to the transit of a wave of 
elastic compression. 

In studying great earthquakes Mallet observed that many heavy 
bodies were displaced in the same direction, i. e., away from the epi- 
center, and offered the following explanation of "why a body dis- 
placed ... is not replaced in an earthquake." The center of gravity 
and therefore the object itself describes an ellipse in space and the 
horizontal velocity is greatest at the top and bottom of the ellipse, "but 
when approaching the top, the inertia of the mass assists in holding 
it fast to its bed ; while on the back stroke or when the center of gravity 
is returning to the bottom of the ellipse the inertia of the mass acts 
in freeing it from the friction or adhesion of its bed and the mass 
becomes shifted upon it."^ This explanation is obviously erroneous, for 
as a matter of fact the pressure of the body upon the supporting surface 
is constantly decreasing during the upward motion and increasing dur^ 
ing the downward motion. Later it was observed that during an 
earthquake different bodies, which must have been acted upon by the 
same outside forces, frequently moved in diametrically opposite direc- 
tions, and so far as I know no one has attempted to explain this phe- 
nomenon. 

During great earthquakes visible waves, having the appearance 
of flat surface waves on water, are sometimes seen passing with great 
rapidity over the surface of the land. They are not noticeable at a 
distance from the epicenter and are probably visible only when passing 
through unconsolidated material in alluvial valleys. Much of the 
damage wrought in the mega seismic area must be attributed to these 
waves, for with their large amplitude of vibration and comparatively 
short wave length they are necessarily very destructive to buildings 
and other structures. The fact that cracks have been observed to 
open and close in the ground during the passage of these visible waves 
proves that there is an important horizontal as well as a vertical com- 

I Transactions Koyal Irish Academy, vol. 2L Dublin, 1848. 
' Ibid., p. 64. 
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iwnent to the motion, and therefore a particle resting on the earth's 
surface would in general move in an elliptical path, the plane of the 
ellipse being vertical and parallel to the direction of wave propagation. 

It is true that the actual motion of such a particle is not quite so 
simple, for it is the resultant of many simultaneous vibrations, some 
of which are due to reflection and refraction and which are too 
complicated to analyze. Investigators have repeatedly shown that 
during earthquakes the motion of a single particle is extremely com- 
plicated, and that the maximum movement is not always or even 
usually in the direction of wave propagation, but the observations on 
which such statements are based have been obtained during earth- 
quakes of only moderate severity, or at considerable distances from the 
epicenter. It is an unwarranted assumption that the same conditions 
obtain in the megaseismic areas of great earthquakes, and certainly 
while the ground is being traversed by visible waves, of the kind 
Just described, the motion of a wave particle must be approximately 
elliptical. 

It will now be shown that these visible surface waves propagated 
from a single origin are sufficient to account for the following simple 
forms of displacement affecting .solid bodies resting on the earth's 
surface ; 

fi) Rectilinear translation both toward and away from the 
origin. 

(2) Rotation about a vertical axis. 

(3) Overturning. 

Of course there may also be any combination of these three simple 
forms of displacement. 

(1) Rectilinear translation. — If a surface upon which some body 
is resting is given an elliptical motion in a vertical plane we may con- 
sider this motion to be the resultant of two harmonic vibrations, one 
vertical and the other horizontal, differing in phase by ^ period. 
Let the ellipse given in Fig. i represent the path described by the 
center of gravity of the body, /iB and CD being respectively the 
amplitudes of the horizontal and vertical components of motion. 
Now, if we consider the vertical vibration alone, it is seen that the 
velocity is greatest at and becomes zero at C and D, where it changes 
sign; the acceleration is greatest at D and C, and zero at O. where it 
changes sign. The horizontal motion is of course similar. 

The force tending to displace the body relative to the plane is due 
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to inertia; the force tending to resist the displacement of the body is 
due to friction which is proportional to the pressure between the object 
and the supporting surface. At O the pressure is equal to mg where 
m equals the mass of the body and g the acceleration due to gravity. 
The pressure at any point is equal to m (g + />) where p equals the 
acceleration due to the vertical vibratory motion, but p has a positive 
maximum at C and a negative maximum at D* Therefore the pres- 
sure is greatest at C and least at D. It may become zero at some 
point between and D \l p should equal or exceed g. While the 



supporting surface is describing the curve from B to D the body may, 
if the coefficient of friction is small, become displaced toward the 
right relative to the supporting surface. On the other hand, if the 
coefficient of friction is sufficiently great, the body may remain sta- 
tionary relative to the supporting surface until close to D, but here 
the horizontal velocity of the supporting surface has reached a maxi- 
mum and begins to decrease, so after the body is set in motion it may 
move toward the left faster than the surface below and thus receive 
a relative displacement in that direction. Of course a body with a 
small coefficient of friction will move alternately toward the right and 
left, but the net result will be a displacement toward the right, while a 
body with a larger coefficient of friction is displaced in the opposite 

*For a body moving under Brevity the downward direction is usually 
taken as positive and hence downward vclocily and downward acceleration, g, 
are also positive. If /> is also taken positive downward then the author's sen- 
tence should read; 'The pressure at any point is equal to m (g — p) where p 
equals the acceleration due to the vertical vibratory motion, but p has a negative 
maximum at C and a positive maximum at D." Tf the velocity diie to the 
vertical vibration be taken positive upward then the s 
stands.— S. D. T. 
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direction. If the vertical acceleration becomes greater than the accele- 
ration due to gravity the body may leave the plane completely for a 
short interval. 

It is thus seen that when an object resting on the surface is 
subjected to vibrations causing it to move in a vertical ellipse, it may 
receive a permanent displacement in the direction of wave propaga- 
tion if the coefficient of friction is relatively great, or in the opposite 
direction if the coefficient of friction is relatively small. 

The fact that difference in friction is sufficient to cause bodies, 
subjected to the same outside forces, to become displaced in opposite 
directions may be ilKistrated by a very simple experiment. If two 
coins, one of which has a piece of sandpaper glued to it, are placed 
side by side on a fiat surface, such as a book, and the latter given an 
elliptical motion in a vertical plane, one coin can be made to move in 
one direction while the other is displaced in the opposite. 

An examination of several earthquake reports together with 
field studies made by the author at the time of the California earth- 
quake in 1^06 leads to the conclusion that this theory explains the 
rectilinear displacements that occur in opposite directions during 
earthquakes. The total displacement of a body moved during an 
earthquake may take place at one time or may be the sum of a number 
of small displacements caused by successive wave vibrations. Many 
examples of objects displaced in opposite directions might be cited, 
but one will suffice. 

During the Cahfornia earthquake of lyoS a stone wall supported 
by a series of arches resting on columns was displaced 7.75 inches, 
causing the capitals to overhang the columns by that amount ; at 
the same time a heavy iron safe on the ground floor of a neighboring 
building rolled backwards and forwards with a net displacement in 
the opposite direction. This took place at Stanford University, situ- 
ated four and a half miles from the fault where the earthquake vibra- 
tions originated. The wall was displaced away from the fault line 
and the safe toward it. 

Sometimes the vertical acceleration due to earth vibrations 
becomes greater than the acceleration due to gravity and then heavy 
bodies are projected into the air. Professor Oldham describes boulders 
that were thrown into the air during the great .Assam earthquake* in 

'Report on the Great Earthquake of izth June, 1897, Memoirs Geo- 
logical Sun'ey of India, vol. XXIX. pp. 130-133. 
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British India, June 12, 1897. The fact that the boulders were thrown 
for considerable distances (two to four feet) from their original posi- 
tion indicates' that there was also a large horizontal component to 
the motion, 

(2) Rotation. — There are at least two theories that may be 
offered in explanation of the rotation of objects on their base when 
acted upon by surface waves of the kind described, and there are 
undoubted])' instances in which each explanation finds application. 

If the center of friction does not lie in the vertical plane through 
the center of gravity of the body and in the direction of the motion, a 
couple will be formed, causing the body to rotate on its base. This 
theory was first proposed by Robert Mallet.* 

If the motion causes the body to rock on its base, rotation may 
result whenever the point of support does not lie in a vertical plane 
through the center of gravity of the body and in the direction of the 
motion at that instant. The latter theory is due to Professor Thomas 
Gray," but it should be noted that the explanation is not limited to 
bodies with a rectangular base. It may even find application in the 
case of bodies with a circular base, for unless the supporting surface 
is perfectly horizontal and the wave motion confined absolutely to 
one horizontal direction a slight couple will be formed which will 
rapidly increase after twisting has once begun. 

Rotation may also be produced by two or more simultaneous non- 
vertical vibrations that are not in the same straight line. In recent 
years several authorities have come to the conclusion that most 
examples of rotation are to be explained on the basis of this theory. 
It is not necessary to assume more than one origin for these wave- 
vibrations, since longitudinal and transverse waves may be propa- 
gated simultaneously from a common origin. 

(3) Overturning is one of the commonest forms of displace- 
ment in severe earthquakes. If the center of gravity of a body is 
sufficiently high above its base, the body, upon being subjected to any 
movement having a horizontal component may be upset by its own 
inertia. The direction of overthrow is partly controlled by the shape 
of the base and its orientation relative to the direction of motion at 

* Dynamics of Earthquakes. Transactions Royal Irish Academy, vol. 
XXI. 

'}. Milne. The Earthquake in Japan of February 22, 1880. Transac' 
lii'iis S-'ismol-uiC'iI Society of Japan, vol. t, pi. II, pp. 33-35. 



,y Google 



DISPLACED OBJECTS IN EARTHQUAKE MOTION 155 

the instant the body begins to topple, but in the case of bodies that 
are equally free to fall in any direction the overthrow is invariably 
parallel to the line of motion. Therefore freely falling bodies, when 
upset by the visible surface waves of megaseismic areas, are thrown 
either in the direction of wave propagation or in the opposite directioji. 
Several investigators have attempted with varying degrees of 
success to use the direction of overthrow as a means of locating the 
epicenter. At the time of the Neapolitan earthquake of 1857, Mallet 
found that in the great majority of cases the direction of overthrow 
was in line with the epicenter. In subsequent earthquakes investi- 
gators met with less success in attempting to apply this method, 
and after seismographic records had been obtained showing the 
great irregularity of earthquake motion it was practically abandoned. 
The danger of assuming that the large motions of the megaseismic 
area are the same in character as the smaller vibrations recorded by 
>eismographs has already been pointed out. 

In his report on the great Assam earthquake, Oldham states that 
while within the limits of the epicenter there was no uniformity in the 
direction of overthrow, at a greater distance from the epicenter 
almost ail directions of overthrow pointed towards it." It is to be 
noted that while great care was taken to exclude objects whose direc- 
tion of fall was largely controlled by their form, square pillars and 
chimneys were classed as free-falling bodies. Oldham reached the 
conclusion that the method of determining the epicenter by means 
of the direction of overthrow of free-falling objects is one that may 
be depended upon when other means fail. 

Several investigators attempted to determine the principal direc- 
tion of motion during the California earthquake of 190C by means 
of overthrown and displaced objects, but owing to the complicated 
nature of the motion, the lack of uniformity in the methods used, and 
the fact that most individuals confined their observations to a restricted 
area, the information obtained was far from satisfactory. 

Professor I". Omori made a statistical study of 520 overthrown 
monuments in the cemeteries south of San Francisco, and gives a 
circular diagram on which the bearings of the fallen stones are shown 
hy radii.' The monuments fell in every conceivable direction, but the 

« Report on the Great Earthquake of 12th June, 1897. Memoirs Ceo- 
lonkai Survey of India, vol. XXIX, pp. 3S4-3S'^- 

' Preliminary Noie on the Cause of the San Francisco Earthquake of 
.April 18, 1906. HuUerm Imperial li. I. C. Jafan, vol. I, No. i. Japan. January. 
1907. 
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mean direction of overthrow was N. 76° E., i. e., away from the origin. 
In interpreting these data it is important to remember that a targe 
proportion of the monuments had rectangular bases, many being 
oriented in the same direction, and that no attempt was made to 
differentiate betwen stones that toppled over and those that slid for- 
ward on their bases until they became overbalanced in one direction 
and fell. Moreover, these cemeteries are only about two miles 
northeast of the fault line. The directions of the principal motion 
as determined by Omori at San Jose and Chittenden were also away 
from the fault hne, but his determinations of direction made at other 
points, especially those close to the fault, were not so uniform. 

Mr. Robert .\nderson made a detailed study of 1,000 houses in 
San Mateo County, all standing between two and four miles northeast 
of the fault line. In his conclusions he states that "the dominant 
directions taken by moving bodies during the course of the earth- 
quake shock were southwest and northwest with movements northeast 
and southeast only second in number."' 

In a paper published soon after the earthquake, giving the result 
of studies in the southern portion of the San Francisco Peninsula, 
I endeavored to show that the evidence furnished by displaced objects 
in the megaseismic zone indicated that the principal motion near the 
fault line was parallel to it, while at a distance of four or five miles 
the principal motion was at right angles.* The first motion was attribu- 
ted to the sudden displacement of the earth's crust that occurred on 
opposite sides of the fault, and the second to wave vibrations generated 
at the fault line and propagated through the earth. From the rapid 
decrease in the intensity of the first motion within a comparatively 
short distance of the fault line it might be inferred that the horizontal 
displacement of the earth's surface on opj>osite sides of the fault, which 
occurred suddenly at the time of the earthquake, was greatest at the 
fault line and extended for only a few miles from it before dying out. 
This theory is confirmed by the retri angulation carried out by the 
L'nited States Coast and Geodetic Survey in 1906-1907.'" 

■ Effects of ihc Earthquake on Houses in San Mateo and Burlingame. 
Rcfort of the California Eitrlhqiiakc Investigation Commission, vol. I, pt. 11, 
p. 3«. 

•Some Local Effects of the San Francisco Earthquake. Journal Geology, 
vol. XIV, pp. 303-.I15. May-Jnnc, 1906. 

'oj. F. Ilayford and A. L. Raldwin. The Earth Movements in the Cali- 
fornia Earthquake of IQ06. Keporl Coast and Geodetic Survey, 1907, Appen- 
dix 3. P- 9'- 
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Although overturned bodies have been used with success in deter- 
mining the principal direction of motion, it is believed that more accu- 
rate results can be obtained from a careful examination of objects 
which have undergone simple rectilinear displacement without rotation. 

The character of the damage to brick and stone walls often fur- 
nishes valuable confirmatory evidence as to the direction and form of 
earthquake motion. When walls are acted upon by earthquake wave^ 
having two principal components of motion, one vertical and the other 
horizontal and in the direction of wave propagation, the character of 
the damage is largely controlled by the orientation of the walls rela- 
tive to the direction of wave transmission. Walls that are approxi- 
mately at right angles to the direction of wave transmission fall by 
toppling, either away from or toward the origin, and the fallen stones 
retain quite closely the same relative positions that they held when 
the walls were standing. Walls that are at right angles to the direc- 
tion of wave transmission are usually destroyed by shearing stresses 
and fall in irregular piles, while the walls left standing frequently 
show 45° shearing cracks. Other conditions being equal, waves 
with a short wave length are more destructive to walls and buildings 
than those with a long wave length. 

In studying earthquake motion the" movements of large bodies 
of water or of liquids contained in vessels often furnish more accurate 
data than can be obtained from displaced solids, for a liquid is abso- 
lutely free to move in any direction and is more sensitive to slight 
vibrations. On the other hand, the evidence of motion in liquids is 
in most cases quickly obliterated and the investigator often has to 
depend on the statements of untrained observers. 

When earthquakes occur near large bodies of water the shore 
line furnishes evidence of any changes in the relative elevation of the 
land surface. The great sea-waves that frequently accompany severe 
earthquakes are due to a sudden vertical displacemnt of the bottom 
of the ocean. Some geologists have stated that earthquake waves 
traveling over a land surface may, upon striking the sea border, thrust 
the waters off shore, causing a return wave which overwhelms the 
coast, but it is very doubtful if they ever originate in this way, for it 
would necessitate an earthquake of almost inconceivable intensity. In 
recent years many severe earthquakes have originated close to the 
coasts and even under the ocean without being accompanied by large 
sea- waves. 
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When a sudden vertical displacement occurs over any consider- 
able portion of the floor of the ocean, a surface wave is generated 
which advances upon the coast, and this is followed by succeeding 
waves diminishing in magnitude until the disturbance dies out. If 
the displacement of the ocean floor is one of relative elevation, the 
crest of the wave that is generated will reach the coast first and the 
ocean will suddenly encroach on the land area, but if the displacement 
is one of relative depression, the trough of the wave will first reach 
the coast, causing the ocean to recede from the shore and then return. 
Descriptions of great sea-waves usually state that the ocean first with- 
drew from the land and then returned with great destructive effects. 
This indicates that depression of the ocean floor is more common 
than elevation. 

These large surface waves are not as a rule perceptible to ships 
at sea, for they are very flat when passing over deep water. The shock 
that is often felt by ships is due to longitudinal waves that have been 
transmitted through the water or through the earth and water. 

Conclusions. — In conclusion it is suggested that our knowledge 
of earthquake motion in megaseismic areas might be greatly increased 
if investigators, in making field studies of future earthquakes, would 
give greater attention to the displacement of solids, the movements 
of liquids, and the effects of the shock on walls and other simple 
structures. In studying displaced objects care should be taken to 
note the exact location of the object relative to the epicenter and to 
distinguish between the different forms of displacement. Not only 
would a better knowledge of the earthquake waves peculiar to mega- 
seismic areas be of scientific interest, but an accurate determination of 
the amplitudes and wave lengths would be of practical assistance in 
designing structures to withstand severe earthquakes, for intensity of 
shock measured in terms of acceleration, though one of the most 
important, is not the only factor to be considered. 
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ON SOME POST-GLACIAL FAULTS NEAR BANNING, ONT * 
By Andrew C. Lawson 

The region north of the Great Lakes is one of exceptional seismic 
stability. Although earthquakes are of daily occurrence in some part 
or another of the earth's crust, we rarely if ever hear of one origi- 
nating in that quarter. Earthquakes are familiar phenomena on the 
Pacific coast. On the Atlantic slope and in the Mississippi valley, 
while they are not so frequent, they are sometimes violent. But to 
the north of the lakes there appears to be an absence of those stresses 
which find relief in rupture of the solid crust and so give rise to the 
jars or vibrations which we know as earthquakes. Such vibrations 
doubtless affect this region from time to time, but they are for the 
most part but the echos of shocks occurring in other regions, and so 
far as our knowledge goes indigenous shocks are few and far between 
and feeble. 

This stability of the region, moreover, appears to be of ancient 
date, even as geologists reckon time. It reaches back almost to 
the Cambrian ; for in the post-Cambrian rocks up to and including 
the Cretaceous, which encircle the great central Archaean terrane, or 
which remain as outliers upon its surface, there are but few evidences 
of those dislocations or faults from which earthquakes are generated. 

In view of this well known stabilitv which characterizes the region, 
I was somewhat startled one day during last summer to literallv 
stumble upon some small fault scarps upon a glaciated surface of 
Archaean rocks. 

The locality at which they occur is in western Ontario on the 
line of the Canadian Northern Railway at a point about five miles west 
of Banning.* The rocks here are dark gray, phyllitic slates, distinctly 
bedded and evenlv fissile in planes parallel to the bedding. The strike 
of the rocks is N. 81° E., and the dip is northerly at an angle of 
65*. These rocks are exposed in a smoothly glaciated surface which 

' Published by pertnissirm of (he Director of the GeoloRical Survey of 

• To be more <:tact, the locality is twenty-two telegraph poles west of mile 
port 164 on the south side of the track. 
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slopes down quite gently from south to north. The area exposed is 
only about a quarter of an acre, and it owes its exposure to the fact 
that the glacial drift which mantles the surface generally has here 
been stripped away in the course of railroad construction. Up to 
the time of the building of the railroad the surface was protected from 
erosion by a thin veneer of drift. .\s a result of this protection the 
glacial .striae and grooves which everywhere score the surface have 
been perfectly preserved; and the fault scarps to be described owe 
their sharpness and escape from degradation in some ineasure to the 
same protective influence. 

The glacial striae are constant in direction over this surface, and 
their course is N. 20° E. 

This glaciated surface is dislocated by a scries of reverse or 
overthnist faults. The fault plane in most of these is coincident with 
the cleavage of the slates, and since this dips to the north the result 
is a series of southerly facing and overhanging scarps, inclined to the 
horizon at 65°. The edge or crest of the up-thrnst block is thus rather 
acute, being about 25", and this acute edge is usually perfectly sharp 
and unworn except for artificial breaks. The re-entrant angle at the 
base erf the scarp, where it meets the horizontal surface of the next 
lower block to the south, is equally sharp. In no case could any fault 
breccia or gouge be detected even on a microscopic scale; nor was 
any well defined slickensiding observable, although in some cases the 
surface of the scarp appeared to be smoother than the ordinary 
cleavage face and even to have a faint polish. 

In every case observed, the movement on the faults appeared to 
be in the direction of the <lip. or to have no horizontal component 
except that normal to the strike. This could be determined by observ- 
ing the displacement of particular striae or grooves. On the up-thrust 
block, the striae, which make an angle of 61" with the strike of the 
faults, extend out to the very brink of the scarp, and on the adja- 
cent block to the south the striae pass in under the overhanging scarp 
and abut against its base. 

These fault scarps are small but numerous. Tiie highest one 
measured 3^^ inches vertically and the others range down to one- 
eighth of an inch in height. In a distance of 66 feet across the 
strike, twenty-four scarps were counted and as the faulted surface 
passed beneath the drift on both sides of this, there is every reason 
to suppose that there are many more than could be observed. 
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The Spacing of these parallel fault scarps, their vertical height 
and their exposed length are given in the following tabulation in 
which the order is from north to south. 



Distance 


Height 


Exposed Length 


Feet Inches 


In inches 


In feet 


O 


H 


15 


3 


I 


50 


3 9 


'/itoyt 


40 dies out to east 


I 5 


'A 


40 


4 


•A 


20 


3 


M to M 


diffused at west 
25 ""» """^ 


5 Group of 


'4 to I 


6 scarps 






6 


i/= 


60 


I 6 


/. 


40 


2 3 


'•A 


40 


4 


■ X 


15 






20 


3 


K 


3P 


2 6 


•A 


25 


I 


n 


25 


5 


I 


20 


■ 5 


•A 


10 


8 


sH 


35 


9 


I'A 


15 



The average vertical height of the scarps is about .9 inch and 
the average width of the moved blocks between the faults is 2.75 feet. 
In one case the block between two fault planes is a fraction of an 
inch wide, and one scarp is about twice as high as the other, giving 
the effect of a stepped scarp. One fault fades away in a series of 
vague cracks, and one has an upthrow which varies from )i inch 
to nothing at its east end. One fault on meeting an oblique joint at 
an acute angle is jogged along the joint and is continued westward on 
another plane a few inches south, leaving a dropped wedge between 
the eastern segment of the fault and the joint, which thus becomes 
an oblique fault. 

Besides the faults parallel to the cleavage and bedding, there is 
one transverse fault with a strike of N. 8° VV., and an easterly dip 
of 85". The upthrow here is ij^ inches on the east side, thus con- 
forming to the overthrust habit. This transverse fault is exposed 
only for a short distance, so that its relation to the longitudinal or 
strike faults could not be observed. 
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The time between the retreat of the ice and the present at which 
the faulting occurred cannot be determined. The sharp, chisel-like edges 
of the scarps and the entire absence of any degradation would at 
first blush suggest a date much closer to the present than to the glacial 
epoch ; but this inference has little force in view of the fact that the 
surface has until within a few years past been protected by a veneer 
of glacial drift, and the sharpness of the profiles may be due rather 
to this circumstance than to the recency of their formation. It seems 
probable, however, that the state of stress in the rock indicated by 
the faulting still exists. 

Having described the facts in regard to these interesting features, 
it may be well to consider briefly their significance from a tectonic 
and seismic point of view. If these post-glacial faults near Banning 
were the only ones known the effort to interpret their significance 
would be limited to the circumstances above narrated. But some 
features of a similar character have been described in other regions, 
and by instituting comparisons we may arrive at suggestions as to 
the causes underlying their development that might not occur to 
one familiar only with a single instance. 

Near the city of St. John, N, B., Matthew* has described quite 
similar faults dislocating the glaciated surface of black slates. Here 
the faults are also numerous and closely spaced, and are reverse 
or thrust faults with an upthrow of from a fraction of an inch to 
a few inches. Although the relation of the faults to the strike of 
the rocks is not clearly stated, it appears that they are for the most 
part parallel in strike and dip to the cleavage of the slates, and that 
there are occasional .oblique or transverse faults, just as there are near 
Banning. The appearance of the faulted surface shown in Matthew's 
photograph is in its essential features identical with that near Banning. 

Chalmers* a few years later described dislocations of the glaciated 
surfaces of slates at a number of localities in southeastern Quebec, 
Here again the faults are nearly all overthrusts of small upthrow and 
close spacing, apparently parallel to the cleavage of the slates. But 
in two cases Chalmers mentions blocks that have been thrust above 
the general level Ci feet and 5!^ feet, respectively. 

^Mmemenls of the Earth's Crust at St. John, N. B., in Post-glacial 
Times. BuUei'm Natural Hiilory Society, N. B., No. 12, vol. III. p. 34, St. 
John, 1894. Also .-Ijjft-rjirnn Journal Sricncr. XLVIII, 1894. 

^ Gfologicat iiinvy of Canada. Annual Report, vol. X, 1897, pt. J, pp. 9-12. 
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At a later date Woodworth^ described similar post-glacial faults 
at various localities in eastern Xew York and quoted a description 
published as early as 1843 by Mather, who appears to have been the 
earliest observer of these interesting features. The faulting described 
at these localities is all of the same type as that near Banning. They 
all occur in slates, they are numerous and closely spaced, and are 
thrust faults of very small throw parallel to the cleavage. The aspect 
of the faulted surface as it appears in the photographs is again the 
same as that at Banning. Woodworth also describes similar faults 
at Attleboro, Mass., which occur in bedding planes of sandstones and 
shales devoid of slaty cleavage, and cites C. H. Hitchcock's descrip- 
tion of similar faults in slates near Littleton, N. H, 

In the discussion of these faults Matthew, Chalmers and Wood- 
worth interpret them as manifestations of orogenic forces and corre- 
late them with the older deformation of the regions in which they 
occur. There can be no doubt but that they represent a relief from 
compressive stresses within the rocks in which they occur, but I desire 
to raise the question whether we are quite justified in referring these 
stresses to the order of forces which we class as orogenic. The stresses 
which give rise to these faults may possibly be very superBctal and in 
no way connected with those deeper seated forces which deform the 
earth's crust in a large way. It is at least noteworthy that we have 
in these cases to deal with a peculiar type of faulting which is almost 
wholly confined, so far as our knowledge goes, to slatey and shaley 
rocks. The close spacing of the faults, the distribution of the move- 
ment, the small amount of overthrust in each particular fault, and 
their confinement to soft, relatively plastic rocks, suggest that they 
are perhaps due to stresses connected with a volume change near the 
surface of the rocks concerned. 

Such a volume change might be due to a variety of causes. For 
example, an increase of volume might be due to hydration of the slates 
freshly exposed by glacial scouring, or to an absorption of gases by 
such freshly exposed surface; or, change of volume due to relief of 
the ice load may have induced compressive stresses which would 
naturally find relief in overthrust faulting; or again, the temperature 
changes involved in the removal of the glacier would necessarily induce 
an expansion which would find expression in the weaker rocks and 
* Post-glacial Faiihs of Eastern New York. Bulleiin 107 New York State 
Museum, 1907. 
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might be within the elastic limits of the stronger; or weaker rocks 
such as slates and shales might yield to stresses due to the expansion 
of neighboring stronger and more elastic rocks. The niaximnm sum- 
mer temperatures, in so far as they affect the surface rocks, would 
be effective in inducing a state of compressive stress. If we suppose 
the temperature to rise from 0° C. in glacial time to 15° C. in post- 
glacial, this increment would give an internal pressure of over 2,300 
lbs. to the square inch, which would in itself be sufficient to cause 
slates to be overthriist on their cleavage planes and to crash softer 
rocks. Any of these causes or any combination of them appear to 
me to have the tendency to produce the effects here discussd as post- 
glacial faulting. And while I do not here attempt to discuss the 
operation of these forces in a quantitative way. I hesitate to ignore 
them and I cannot, therefore, follow Matthew and Woodworth in 
their reference of these faults to true orogenic forces without at least 
raising the question as to other possible modes of origin. I am inclined, 
in the absence of a full and satisfactory discussion of the subject, to 
regard them as superficial phenomena arising from certain physical 
properties and behavior of the rock itself, and not due to forces applied 
to it from below. Further, it seems probable that the only seismic 
significance that such faulting can have, if it be superficial, is that it 
may afford an explanation in part of the microseisms so commonly 
recorded on .seismograms. Moreover, it seems to me in view of the 
opinion ju.st expressed that the discovery of these recent faults does 
little damage to the reputation which the region has so long enjoyed 
for seismic stability. 

Apart from the origin of these faults is the question of their 
geomorphic significance. Becker has suggested, indeed he has 
as.serted. that the deformation of the earth's crust which gives rise 
to "tilted" orographic blocks, such as the Sierra Nevada, takes place 
by a process of repetitive faulting, the faults being practically innu- 
merable and the upthrow on each very small. This suggestion ha^ 
not, so far as I am aware, been confirmed by field observation, but a 
similar one is discussed if not advocated by Woodworth" in his account 
of the post-glacial faults of eastern New York. While recognizing 
that the faulting might be due to a movement which would steepen 
the dip of the bedding or cleavage of the slates without changing the 
general attitude of the surface affected, he nevertheless emphasizes 

= Of. cil. 
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and gives support to the view that such repetitive faulting does in 
reality change the general surface profile. Thus, speaking of the 
Defreestville locality, he adds the throws of the various faults and says. 
"Within 11.67 feet the downthrow equals 13 inches. This rate of 
deformation, if carried out over a belt of country one mile wide, 
would produce a difference of level at one end of the line as regards 
the other equal to 403 feet." .\t Copake he estimates similarly the 
deformation of the surface at the rate of 336.7 feet in the mile, and 
in general he correlates the post-glacial faulting, in part at least, with 
the warping of New England. "The change of level or the so-called 




Fig. i^ — Effect of slipping of parallel slabs by rolalion induced by i 

volume. The net result of the expansion is a slight addition to the 
height of the surface without deformation of its general profile. 

tilting of the land in and about the Kew England district since the 
retreat of the Wisconsin ice sheet has been accompanied by the frac- 
ture of rocks in certain zones of structure presumably so disposed as 
to yield to stress by small repetitive faults." 1 have no desire to 




Fig. 2— Effect of faulting where each hanging-wall slab is moved parallel to 

itself over each foot-wall slab, resulting in an important deformation of 

Ihe surface profile. 

combat this interesting generalization, but if the view that I have 
above expressed in a tentative way as to the origin of these faults 
is correct the faulting would not affect the profile of the surface in 
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the way supposed. Woodworth's interpretation of the geoinorphic 
effect of the faulting involves the idea that every hanging-wall block 
has been pushed up parallel to the fault planes relatively to every foot- 
wall block. But the same effect might be produced by a slight rota- 
tion of the blocks upon axes parallel to the strike at very moderate 
depths in consequence of a steepening of the dip under horizontal 
stress. In this case we would have a slight elevation of the region 
but no apparent tilting. The two interpretations have thus strongly 
contrasted consequences from a geouiorphic point of view. It would 
seem possible, moreover, to determine observationally in favorable 
exposures which of the two interpretations is correct. On a hori- 
zontal glaciated surface if the faulting be due to rotation under hori- 
zontal compression, then the top of each block will be tilted downward 
toward the footwall side as in Fig. i, while if the blocks are suc- 
cessively overthrust parallel to the fault planes and so modify the 
general profile of the surface, the tops of the blocks will not be so tilted 
but remain parallel to their original position as in Fig. 2. From 
what I have seen of these faults it appears to me that the difference 
in the two cases might be determined instrumentally, though I regret 
to say such measurement did not occur to me in the field while exam- 
ining the faults near Banning. 

Ottaw.\. October 17, 191 1. 
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THE CENTRAL CALIFORNIA EARTHQUAKE OF 
JULY I, I9I1 

By E, C. Templeton 

Central California was disturbed on the afternoon of July r, 1911. 
by the most severe earthquake shock experienced in this section of the 
country since that of April 18, 1906. While this earthquake is not to 
be compared to that of 1906 in the amount of damage done, nor in 
degree of violence, still it was an unusually strong shock, and probably 
more severe than the public generally supposes. It was felt over an 
, area whose maximum dimension is about four hundred miles, embrac- 
ing Los Angeles, where it was felt by a few persons in the highest 
buildings, and Sacramento, where it was quite generally felt. The 
shock was most severe in the San Francisco Bay region, and had a 
maximum intensity of between VIII and IX on the Rossi-Forel scale. 

The earthquake came without preliminary tremor at 2:00:02.5 
p.m.. Pacific standard time. This is the time recorded at Lick Observa- 
tory on Mt. Hamilton, and is the earliest reliable time reported for the 
shock. The times reported from San Francisco, Oakland, and Berkeley 
show fair agreement, and indicate that the beginning of the shock was 
from ten to thirty seconds later than at Mt. Hamilton-. The perceptible 
shock consisted of two rather distinct periods of vibration, of which the 
first, with a duration of between five and eight seconds, was the more 
intense. After a lull of about five seconds came the second period 
of vibration, with a duration of about five .iieconds. The shock was 
accompanied by a dull, rumbling sound, described as similar to the 
roar of a distant railway train, the sound preceding the shock by 
two or three seconds. This sound was heard pretty generally through- 
out the area having an intensity of VI or more, but apparently by only 
a small percentage of the people, as it was not loud enough to be 
heard above many common noises, or above the din of a busy town or 
city. 

A considerable amount of data relative to the effects and intensities 
of the earthquake at different localities, has been collected. This 
includes reports from the seismographic stations at Lick Observatory 
on Mt, Hamilton, Berkeley, Oakland, Los Gatos, Santa Clara, and 
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Isoseismals of the California earthquake of July i, 1911. Rossi-Forel scale. 
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San Jose, all of which, with the exception of the last mentioned, have 
been pubHshed,* together with a number of other reports on the effects 
and intensity of tlie shock. The remainder of the data has been fur- 
nished, either directly or intUrectly, by persons who experienced the 
shock, and is based on their personal observations and sensations. 
In general, the different reports from any one locahty have shown a 
pretty fair agreement as far as their indication of intensity is concerned, 
and the conclusions drawn from them should be very nearly correct. 
In attempting to determine what the intensity of the shock was at any 
locahty, care has been taken to judge by its effects on structures, furni- 
ture, bric-a-brac, clocks, etc.. rather than by the personal feelings 
and sensations of the observer. 

The accompanying map shows the result of an attempted correla- 
tion, based on intensity, of the localities from which sufficient data have 
been collected to warrant an attempt at classification. The isoseismals 
show approximately the distribution of intensities. 
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AN EARTHQUAKE IN TRINIDAD. B. W. I. 
By Robert Anderson 

About 10:4s P-"i- local Trinidad time, on October 11. 191 1. an 
earthquake was observed at Port-of- Spain on the Island of Trinidad. 
There were two shocks of four or five seconds duration with an 
interval of two or three seconds ; the second shock was a little longer 
and a little stronger than the first. It was generally observed by 
persons awake; windows rattled, and the shock was startling, but 
there was no damage ; intensity IV R. F. No accompanying sound was 
heard. The shock was felt also thirty miles south of Port-of-Spain. 

On October 17th I visited the largest mud or gas "volcano" in 
Trinidad, which is situated on the Columbia Estate at the southwest 
tip of the island, fifty miles southwest of Port-of-Spain. It was evident 
that a gas outburst had occurred there but a few days previously, 
causing a large quantity of mud to be thrown out. Whether or not 
this had any connection with the earthquake T do not know, but 
it is conceivable that such an eruption of gas might either cause an 
earth tremor or be induced by one. Small quantities of gas are con- 
stantly issuing from the numerous vents of natural gas in Trinidad, 
but explosive eruptions such as this occur only at considerable intervals, 
usually a number of years apart, in several of the larger mud cones 
that are built up around these vents. On November 4th a cone of mud 
was thrown up as an island in a shallow portion of the sea off the 
south coast of Trinidad by an outburst of gas of considerably greater 
magnitude than the recent one of the Columbia volcano. I was not 
there at the time but in the reports obtained about it no mention is made 
of any accompanying tremor of the earth. Trinidad displays no true 
volcanic activity and contains no volcanic rocks. It is subject to fre- 
c|uent earthquakes. 



\Vashi.\(;tun, D. C. December 12, 1911, 
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EARTHQUAKES IN HAYTl 
April 12 to October lo, lyii 

By J. SCBERER ^ 

April 12. Anse-a-Veau, 4 a.m. Shock observed by many persons. 

May 5, Port-au-Prince, 5:50 p.m. Observed by many; preceded 
by noise; duration 2 seconds; intensity II. 
Gauthier, 5:50 p.m. Preceded by noise: duration 2 sec- 
onds. 

June 13. Porl-au-Prince, 8:50:15 p.m. Duration 2 seconds; inten- 
sity II. 
- Port-Beudel, 8 :50 p.m. 

Baiiiet, about 9 p.m. Strong shock felt generally in the 
mountains. 

June 17. Cayes, 10 p.m. Two shocks awakened some sleepers; in- 
tensity II. 

Sept. 7. Tiburon, 11:45 ^■^- One rather strong shock disturbing 
furniture and houses ; it was preceded a few seconds by a 
feeble shock. 

Oct. 4. Gonaives, 5:20 p.m. Shock felt by many; intensity II. 

Oct. 6. Port-au-Prince, 5 128 :30 a.m. A very strong shock pre- 
ceded by a rumbling noise lasting about one minute. 
Trees swayed, many clocks were stopped, the ground 
moved like a rolling ship, some walls were cracked from 
top to bottom, and persons standing kept their feet with 
difficulty. This shock was more violent than that of .-^pril 
3, 1910, and was nearly as strong as the one of September 

23, 1887. Intensity VI. 

Many shocks followed during the day. but the in- 
tensities of these after-shocks varied between II and III. 

It is very probable that this shock was felt generally 
throughout the Republic, but as communication is slow 
more details will be given later. 
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EFFECTIVE COOPERATION 
It is the purpose of the Seismological Society of America to be 
useful, but in order to be useful it needs cooperation in the gathering 
of data regarding earthquakes. 

Many of the engineering enterprises of the country, and especially 
those of the Pacific coast, are, of a necessity, directly concerned with 
earthquake phenomena. The society, therefore, confidently expects the 
coooperation of engineers and of engineering enterprises in the Pacific 
coast states in the gathering of earthquake data. 

The following letter from the construction engineer of the Spring 
Valley Water Company of San Francisco, is the first offer of coopera- 
tion the society has thus far received from such organizations in this 
part of. the country. We hope to receive many others of a similar 
kind. 

Spring Valley Water Company, 
San Francisco, Cal., . 
Dr. J. C. Branneh, November ^4, ipn. 

Stanford University, California, 
Dear Sir: 

In appreciation of the great importance of the work undertaken 
by the Seismological Society of America, of which you are the 
President, and for the purpose of cooperating therewith, instructions 
have been issued whereby reports regarding earthquakes will be 
received from the following places within the property of the Spring 
Valley Water Company : — 

Milbrae Pleasanton 

Crystal Springs Cottage Calaveras 

San Andreas Cottage Lake Merced Cottage 

Pilarcitos Cottage University Mound Cottage 

Newark Slough Francisco Street Reservoir 

Sunol City Office. San Francisco 

Arroyo Valle 

Upon receipt of these reports copies of the same will be forwarded 
to your Society. I am enclosing a copy of these instructions and report 
blanks. 

If there are any other data that you wish in connection with this 
study please let me know and I will gladly furnish whatever we may 
have in the matter. Yours very truly, 

F, C, Herrmann. 
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MR. SAYLES" GIFT 

THE DIRECTORS OF THE SEISMOLOGICAL SO- 
CIETY TAKE THIS OPPORTUNITY TO ANNOUNCE 
THE RECEIPT OF $5000, THE GIFT OF MR. ROBERT 
WILgOX SAYLES. (HARVARD, A. B. 1901). A MEM- 
BER OF THIS SOCIETY, WHICH SUM, BY THE 
TERMS OF THE GIFT, MAY BE USED AT THE DIS- 
CRETION OF THE BOARD OF DIRECTORS FOR 
PUBLISHING THE BULLETIN. THIS GENEROUS 
FINANCIAL CONTRIBUTION ASSURES THE MAIN- 
TENANCE OF PUBLICATION BY THE SOCIETY 
ON A SUBSTANTIAL BASIS, AND IS A MOST 
WELCOME AND TIMELY ENDOWMENT OF SEIS- 
MOLOGY IN AMERICA. MR. SAYLES IS A GEO- 
LOGIST IN CHARGE OF THE GEOLOGICAL SEC- 
TION OF THE UNIVERSITY MUSEUM AT HAR- 
VARD UNIVERSITY, CAMBRIDGE. MASS.. AND iS 
ALREADY KNOWN TO MANY OF OUR MEMBERS 
AS A CONTRIBUTOR TO THE SUBJECT OF EARTH- 
QUAKE FREQUENCY IN RELATION TO CLIMATIC 
CYCLES. THE SOCIETY CAN PERHAPS BEST 
SHOW ITS GRATITUDE FOR THIS GENEROUS 
ASSISTANCE IN THE FIRST YEAR OF ITS WORK 
OF PUBLICATION BY RENDERING ITS BULLETIN. 
THROUGH THE PAPERS AND COMMUNICATIONS 
SUBMITTED BY ITS MEMBERS, THE MEDIUM OF 
PROMOTING EVERY PHASE OF THE SCIENCE OF 
EARTHQUAKES. AND THROUGH THIS MEANS 
THE WELFARE OF AMERICA. 
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LIST OF SEISMOGRAPHS IN AMERICA, 

(Note. — Anyone who knows of a seismograph in operation or about to be 
installed anywhere in America, and not mentioned in this list, is requested lo 
report it to the Secretary of the Seismological Society of America, Stanford 
University, California.] 

NORTH AMERICA 
CANADA 

INSTITUTION POST-OFFICE [N CHARGE SEISMOGRAPH 

McGill University Montreal (Not working) Ewing duplex 

Dominion Observatory Ottawa Dr. Otto J. Klotz Bosch 

St- Boniface Col. (S.J.) ...Winnipeg ....O, Rousseau Wiechert 80 k. 

University of Toronto Toronto Dr. R. F. Slupart Grey-Milne 

Meteorological Office Victoria, B.C.. .E. B. Reed Grey-Milne 

Grand Trunk Prince Rupert, 

B. C (Not yet installed) Milne 

MEXICO. 

( F. Patifio y Ordaz Wiechert hor. 

Servicio Seismologico l^oo )c 

Nacional. Dr. Josi G. H. Camacho. Wiechert vert. 1300 k. 

Augilera. Director. . .Tacubaya, m. Mvfiaz Lumbier... Wiechert hor. 



1000 k. 

A. Pastor y Giraud. ..Wiechert hor. 

300 and 135 k. 

] (Schmidt Gravimeter 

I, R. M. Tello.. \ Bosch-Omori phot. 

( Wiechert vert. 80 k. 



_ _ . _ . , M. E. Pastrana Poey pend. 

Collegio del Estado Puebia F. de P. Tenorio J Jl*''"* 

( Contreras 

Observatorio Leon, G'to. . . . Prof. M. Leal ? 

COSTA RICA 
Institute Fisico Geografico. San Jose P. Biolley 



tEwing 
Duplex pend. 

Private Alajuela H. Cots . 



Calefiio Superior de 

Sei^oritas San Jose Prof. J. F. Tristan Trifilar pend 



Isthmian Canal Comm.. 

1 Bosch-Omori 100 k. 
) Bosch-Omori a; k. 
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UNITED STATES 

Spring Hill Col (S. J.) .. .Mobile . 

U, S. Coast and Geodetic 

Survey Sitkn 

Arizona 

U. S. Coast and Geodetic 

Survey Tucson 



IN CHARGE SEISMOGRAPH 

..Rev. Cy. Kuhlmann.-Wiechert 80 k. 
. . F. L, Adams a Boseh-Omori 

.L- W. Weed 2 Bosch-Omori 

. W. W. Campbell Ewing duplex 

and 3-comp. 

. . T. J. J. See Boseh-Omori 

Ewing duplex 

. . Prof. A. C. Lawson 

Wiechert 80 k. 
2 Bosch-Omori loo k. 
Omori tromometer 
Marvin 
Santa Clara Col. (S. J.). .Santa Clara. ..Rev. J. S. Ricard Wiechert and 



Cali: 
Lick Observatory Mt. Hamilton. 

U, S, Naval Observatory. . Mare Island 

Mills College Mills College 

University of California. .. Berkeley ... 



Chabot Observatory Oakland 

Private Los Gatos. . . 

University of the Pacific. San Jose 

Raja Yoga Academy Point Loma.. 

Cot.oitADa 
Sacred Heart Col. ( S. J. ) . . Denver 

Connecticut 
Yale University New Haven . 

District of Columbia 
Georsctown University 

Observatory (S. J.) , . . Washington , 

Weather Bureau Washington . 

Hawaii 

Magnetic Obs. Station, U.S. 

Coast and Geod. Survey. . Honolulu 

Illinois 

St. Ignatius Col. (S.J.) . .Chicago .. 

Kansas 



C. Burckhaiter Ewing duplex 

I. H. Snyder Original duplex 

Prof. Louis S. Kroeck, Ewing duplex 
.F. J. Dick West 

Rev. Wm. Forstall Wiechert 80 k, 

(Not working).. Bosch-Omori took. 



Rev. F. A. Tondorf... Wiechert am 
vert. 80 k. 

Prof. C. F. Marvin.. .a Bosch-Omot 



. O. H. Gaarden..., Milne E.-W. hor. 
.(Not yet installed).. Wiechert 80 k. 



Louisiana 

Loyola College (S.J.) New Orleans, 

Maine 
Private Bath 

Mabvland 
Johns Hopkins University . Baltimore . . . 



Rev. A. L. Kunkel .... Wiechert 80 k. 

and vert. 
L. S. Metcalf Omori 22 k. 

Prof. H. F, Reid Milne and 

Bosch-Omori 
J. E. Burbank.2 Bosch-Omori, look. 
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institutiotf post-office in charge 

Massachusetts 

Harvard University Cambridge ...Prof. J. B. Woodworth 

Massachusetts Itistitute of 2 Bosch-Omori, lOo k. 

Technology Boston Prof. T. A. Jagger, Jr.2 Bosch-Omori 

Holy Cross Col. (S.J.). .Worcester ,.,.L. J. Hauberl Wiecheri 80 k. 

Michigam 
Detroit Observatory, Uni- 
versity of Michigan Ann Arbor ...Prof. W. J. Hussey 

2 Bosch-Omori 100 k. 
Missouri Wiechert hor. and veri, 100 ':. 

St.Louis Univer5ity(S.J.),.St. Louis Rev. J. B. Goesse. .. .Wiechert 80 k, 

Nevada 

Private Carson City... (Not operating) Ewing duplex 

New J ERSE V 

Princeton University Princeton ....Prof. W, B. Scott ? 

New York 

N. V. State Museum Albany Dr. J. M. Clarke. ...2 Bosch-Omori 

Canisius College (S, J.) . ..Buffalo W. C. Repetti Wiechert 80 U. 

Jesuit College (S. J.) Brooklyn J. Glover Wiechert 80 k. 

pordham Univ. (S. J.) . . . .Fordham Rev, E. P. Tirnan.. ..Wiechert 80 k, 

Cornell University Ithaca Prof. R, S. Tarr. .Bosch-Omori 25 k. 

N. Y. Acad. Sciences New York Dr. E. O. Hovey Malnka 

Ohio 
St. Ignatius College ( S.J.) , . Cleveland 
Pennsvlvania 

Swarlhmore College Swarthmore ..Prof. John A. Miller Milne 

Utah 

University of Utah Salt Lake City. .Prof. F. J. Pack Bosch-Omori 

Vermont 

Norwich University Northfield Prof, Wm. A. Shaw. .(not installed) 

Washington 
University of Washington . . University Sta.. 



Wisconsin 
Marquette Univ. (S. J.) ... Milwaukee ...Rev, J. L. McGeary. .Wiechert 80 k. 

WEST INDIES 

College St, Martial Porl-au-P,-ince 

_ . ,, . . Haiti J. Scherer Pendulum 

Esiacion Meteorologica 

Seminario Santo Domingo R. Padre Bourdon ? 

Magnetic Obs. Station, 
U. S, Coast and Geod. 

Survey Porto Rico George Harinell 2 Bosch-OnioH 

Department of Agriculture. Trinidad P. Carmody Milne 

Kingston, 

Jamaica ....J. F. Brennan K Verbeck 

( Gray- Milne 
CUBA 

College of Belen (S. J.).. Havana Rev. G. L. Gangoili Vicentiiii 

Cienfuegos . . . Rev. S. Sarasola 
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SOUTH AMERICA 



POST-WFICE 



BRAZIL 
Observatorio Astronomico. . Rio de Jan 
PERU 

Arequipa Milne 

ARGENTINA** 

Observatorio Magnetico. . . Pilar 

Observatorio Astronomico..La Plata ... 

Oficina Meleorologica Mcndoza . . . 

Oficina Meteorologica Cordoba 



CHILE* 
Seismological Service of 
Chile — Count Montessus 

de Ballore, Director Santiago Bosch-Omori; Wiechert hor. and 

vert. : and Stiattesi hor. 

iTacna Wiechert hor., aoo k, 
Copiapo Wiechert hor, 200 k. 
Osorno Wiechert hor., 200 k. 
Punta Arenas Wiechert hor., 200 k. 

The following stations of the third order are furnished with Agemennone 
seismoscopes : 

1. Angol II. iQuique 31. Serena 

2. Antofagasta 13. Juan Fernandez Island as. Talca 

3. Calama 13. Lebu 23. Taltal 

4. Castro 14. Mocha Island 34. Tarapaca 

5. Cauquenas 15. Ovalle 25. Temuco 

6. Chilian 16. Puerto Mont! 36. Toco 

7. Concepcion 17. Punta Duneeness 37. Valdivia 

8. Constitucion 18. Quillota 28. Vallenar 

9. Evanjelista Island 19. San Fernandez 29. Valparaiso 
ID. Illapel 30. San Filipe 

(The information regarding the stations in Chile is taken from the state- 
ment of the director, M. Montessus de Ballore, given in the Boletin del Servi- 
cio Sismolojico de Chile, vol. I, Santiago, 1909.) 

** In addition to these, instruments have been ordered for stations in the 
provinces of Salta, Catamarca. and Santa Cru^, 
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Rubber stamfs for labeling setsmogratns. — At the eartliqiiakc 
station of Harvard University, Cambridge, Mass., the appearance of 
the smoked-paper seismograms has been greatly improved by replacing 
the handwritten memoranda by stereotype headings imprinted by rub- 
ber stamps. The stamps remove the soot and leave a white lettering 
which takes readily in bliie-printing copies. The stamps are applied 
before fixing the records. The following stamps are employed: In the 
middle of the seismogram at top, "Harvard Seismographic Station. 
Cambridge, Mass., U. S. A." In the middle below, "75th Meridian 

Time, West. Station clock s. fast; s. slow." The error 

of the station clock, if any, is inserted in its appropriate place before 

fixing. In the upper left-hand corner, "Seismic Record No ," 

the number to be filled in corresponding with the number in the Record 
of Earthquakes kept at the station. In the upper left and lower 
left-hand corners the words "North" and "South" are stamped, show- 
ing the orientation of the paper for that component, and so for the 
east-west component. Also in the upper left-hand corner to the right 
of the component designation is printed "100 kg. Bosch-Omori Tro- 
mometer," showing the type of seismograph to which the record per- 
tains. Beneath these words is given the date of the beginning of the 
record, and in the lower left-hand comer is printed the date of the 
closing of the record. A stamp, "Artificial disturbance." with an 
arrow, is used to point out any known artificial portion of the record, 
such as is caused by entering the instrument room, testing period of 
pendulums, etc. The stamps giving the dates and the components are 
printed before the records are put in place: the others are added 
after removing the paper, when it can be placed flat. Other stamps 
might be employed for numbering five-minute intervals of the lines 
of minute ticks. It is found that the use of the stamps considerably 
reduces the time taken to put the smoked-paper record into shape for 
filing away in the archives of the station. 

J. B. W. 

Mr, G. M. Flint of the Harvard seismographic station has pro- 
duced a good fixative for smoked-paper records, composed of: best 
wood alcohol shellac, i',4 oz. ; denatured alcohol, i quart. 
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The earthquake in Germany. — An earthquake of unusual strength 
was felt on November ]6th at about 9:25 p.m. (Greenwich mean time) 
in the south of Germany, throughout Switzerland, and in the east of 
France and the north of Italy. It was followed by two others of less 
importance early on November 17th, one shortly after midnight, the 
other at about 3 a.m. The reports so far available in this country are 
singularly meagre. There does not seem to have been any loss of life ; 
but slight damage to property occurred in several places, such as Con- 
stance, Stuttgart, Freiburg, Mulhausen, and Hechiiigen, and, though 
it is difficult to credit the statement, at Munich. Leaving the last- 
named place out of account, the area of slight damage is about 140 
miles long from east-northeast to west-southwest, and 90 miles wide, 
and contains about 10,000 square miles. The centre may have been 
about 10 miles to the north of Schaffhausen. The shock was felt so 
far as Dresden, 310 miles from this point, so that the disturbed area 
may have contained as much as 300,000 square miles. It is thus prob- 
able that the focus was situated at some depth. The vibrations were 
recorded at several distant observatories — in this country at Shide and 
West Bromwich. At Heidelberg, Besangon, and Potsdam the record- 
ing levers were deranged or broken. — Nature, Nov. 23, 1911, p. 117. 



From Rio de Janeiro. Brazil. — Dr. Henrique Morize, Director of 
the National Observatory at Rio de Janeiro, sends the following items 
in regard to the seismologic equipment at that station : We now have 
in operation one pair of 15 kilo Bosch-Omori horizontal pendulums 
that have been working since 1905. and one inverted Wiechert pendu- 
lum of 100 kilos that has been in operation since 1909. A vertical 
Wiechert seismograph was installed in 1909, but it has worked only 
irregularly. This region is, as you know, very quiet seismologically, 
and the nearest earthquakes registered here, come, for the most part, 
from the Andes or from Argentina. 

Our installation is still defective on account of a lack of room, 
and one new model Mainka seismograph still remains to be mounted. 
Fortunately, on account of the serious difficuhies with which we have 
had to deal for so many years, the government has finality decided to 
have the observatory moved to a place where there is plenty of room 
and to have a proper building erected. I trust that inside of a year 
we shall be in the new quarters. 
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Hon' an earlhqiiakc feds at sea. — The following graphic descrip- 
tions of the sensations produced by earthquakes felt on board of 
vessels are kindly furnished by Professor McAdie. 

U. S. S. South Dakota, 

Navy Yard, Mare Islano, Cai... 
July 10, iQii. 
Professor Alexander G. McAdie, 

San Francisco, Calif. 
Sir: 

... On July I, 1911, the U. S. S. South Dakota, under my com- 
mand, was en route to Mare Island from sea, having entered the 
Golden Gate about 1 130 p.m. About 2 p.m. {the exact time was not 
noted on board) when in the channel between Angel and Alcatraz 
islands, a very decided jar or shock was felt by all on board. I was 
on the bridge at the time and, although confident that the ship was in 
deep water, I was alarmed, as the sensation was what one would 
expect if a ship should strike a rock. The navigator hurried to the 
end of the bridge and, after looking at the water alongside, informed 
me that the ship's headway was not checked; he was therefore im- 
pressed the same as I was with the idea that we had struck bottom. 

I then telephoned the engine room to ask if anything had happened 
there, thinking it possible that the breaking of a main shaft or crank 
might jar the ship in the manner we had felt. I was informed that 
nothing was wrong in the engine room. Several minutes later I 
learned through the medium of the wireless telegraph office on board 
that there had been an earthquake. 

I note in your letter that you say we should have felt a series 
of "bumps" on board the ship. What we did feel was quite different. 
There was only one jar, and^that not in the nature of a "bump," but 
a very decided and severe shock, like striking bottom or running at 
good speed into a wall or another vessel. In seeking for a cause I 
had almost decided in my mind that we had struck a sunken wreck 
hard when I was relieved to learn that there had been an earthquake. 
No disturbance of the water accompanied the phenomenon, nor were 
any atmospheric peculiarities noticeable. 

Very respectfully, 

F. M. Bennett, 

Captain, U. S. Navy. 
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Coast and Geodetic Survey, 

San Francisco, Cal., 

July 14th, 1911. 
Prof. Alexander McAdie, 

San Francisco, Calif. 
Dear Professor : 

Thanks for sending me Captain Bennett's letter about the recent 
earthquake, I am able to supplement that information by relating 
an experience of my own on the L". S. schooner Marcy, lying at 
anchor in three fathoms of water off Eureka, Humboldt Bay. during 
an earthquake in the summer of 1872. 

We were at work in the ward room, drafting, at the time. The 
noise and feeling to me was as if a heavy barrel was being rolled along 
the deck we stood on. 

Very respectfully, 

Ferdinand Westdahl, 

Assistant. 

Slight shock in southern California. — M 6:57 p.m., November 21, 
a slight earthquake occurred at San Bernardino, lasting not more than 
five seconds, possibly not more than three. I should judge the intensity 
to have been IV of the Rossi-Forrel scale. Objects on shelves were 
slightly shaken and water in pitchers plainly showed the vibrations. 
To Tne the shock appeared to come from a southwesterly direction. 
It was sudden, without any perceptible preliminary tremor, nor was 
any after-shock noted. There were no unusgal atmospheric conditions: 
the weather was fine and dry. The shock is said to have been more 
distinct near the mountains. This is interesting on accoimt of the 
existence of faults in that region. The newspapers report that the 
shock was also felt at Redlands. Rialto. and Pomona. 

Gordon Surr. 

S.^N Bern'ahdino, Cal., November 22, igii. 



For the smoked-paper records of seismographs of the Bosch-Omori 
type there is an American paper known as "white coated litho" which 
answers the purpose very well. A ream of 480 sheets 24x44 inches 
will cut up with little waste into strips 15 cm. wide and 95 cm. long, 
giving 2,ooQ record strips, at a much lower cost than the imported 
article. 
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Microseisms at Santa Clara. — The Jesuit service at Santa Clara 
College, Santa Clara, California, in charge of Father Jerome S 
Ricard, sends us notices of the following microseisms observed at that 
station between September 29 and November i, 1911. 

The shocks are all classed as barely noticeable. Only the time of 
greatest motion and amplitude is here given. The time is mean civil 
Greenwich. 

1911 h. m, s. Amplitude, mm. 

September 29 17 12 43 3.87 

October 4 6 39 56 1.37 

October 6 10 45 30 75 

October ro , 13 41 12 r 

October 14 17 04 24 1 

October 15 east-west agitation 

October 17 21 25 38 1.5 

October 18 19 13 56 75 

October 20 18 21 55 trace 

Ortober 29 18 26 trace 

November i 9 49 trace 



Death of Professor Davidson. — Professor George Davidson, 
honorary member of the Seismological Society of America, died at 
his home in San Francisco, December i, 1911, at the age of eighty- 
seven. Professor Davidson was a man of great activity and broad 
interests. He was for many years in charge of the work of the U. S. 
Coast and Geodetic Survey on the Pacific coast. In 1898 he was 
appointed professor of geography in the University of California, and 
held that position until 1905, when he was made professor emeritus. 
He was one of the foremost scientific men of America, one of the 
founders of the Seismological Society of America, and its first 
president. 

Types of seismographs. — Many inquiries reach us from persons 
who contemplate installing seismographs regarding the different types 
of instruments, prices, etc. For the benefit of all who are or may 
become interested in this matter. Professor Harry Fielding Reid. of 
Johns Hopkins l^niversity, is preparing an article that will appear in 
the next number of the Bulletin of the Seismological Society of 
America. 
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The new seismotogic scnicc of Costa Rica. — We take great 
pleasure in announcing the establishment of the new seismologic 
service of Costa Rica. The excellent work already done in that part 
of Central America and the seisinicity of the region covered by the 
service give promise of valuable results. The following letter from 
Professor Tristan, the Secretary, to whom seismologists are already 
greatly indebted, is self-explanatory : 

San Jose, Costa Rica, 

November ^, igir. 
To THE Secretary of the Seismolooical Society of America, 

Stanford University. Cal. 
Dear Sir; 

I have the honor to inform you that on the 21st of October last 
there was established in this capital a "Centre de Estudios Sismolo- 
gicos" the principal purpose of which is to record and to collect all 
data relating to seismic phenomena in Costa Rica and in other Central 
American republics. 

Yours respectfully, 

J. Fid. Tristan, Secretary. 



The California earthquake near Tasmania. — Professor George 
Davidson sends this note regarding an earthquake observed southwest 
of Tasmania at the time of the great California earthquake of April 
18, igo6. On July 31, 1906, Professor W, D. Alexander obtained 
at Honolulu the following item copied from the log of the French 
ship "Andre Thadon" : 

"Mercredi 18 .^vril, 1906, latitude 45° 40' S., longitude 141° 21' 
(E. de Paris), 3 h. 21 m. p.m. une secousse dc tremblement de terre 
ou une eruption volcanique sous-marine, d'une duree de 45 secondes 
environ. La navire a ete ebranle dans toutes ses parties." 

Professor Davidson adds that the position mentioned is about 300 
geographic miles southwest by west from South Cape, Tasmania, and 
that the great circle distance between San Francisco and the place 
mentioned is 7100 geographic miles. 



Earthquakes in geographic literature. — According to Col. C. F. 
Close, president of the Geographical Section of the British Association, 
five per cent of the papers in the Proceedings of the Royal Geographi- 
cal Society of London treat of volcanoes and earthquakes. 
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Engineers and earthquakes. — One of the members of the Seis- 
mological Society, in speaking of the needs of the engineering pro- 
fession in the earthquake regions, remarks: — "Mr. Blank (one of 
our best engineers) I understand has joined the Society, and. like many 
engineers, is interested in the possible effects of earthquakes on the 
great reclamation dams now being put up in the arid regions. These 
men want to know the seismicity of given places. The Lord help 
them !" 

If the engineers of the country will cooperate with the Seis- 
mological Society of America in the effort to gather and publish data 
regarding earthquakes, the Seismological Society of America will 
gladly undertake to get them some help here on this earth. These 
same engineers should remember, however, that we cannot invent 
information. They should remember, also, that every observation 
they make upon earthquakes is an item of value and a contribution to 
the very information they want. 



' Slight Shock at Point Lonia, Cal. — Mr. Frederick J. Dick, mem- 
ber of the Seismological Society of America, sends us the following 
notes: — "A shock having an intensity of IV R.F. scale was felt at 
the meteorological station. Raja Yoga .'\cademy. Point Loma, Cal., 
at 11:10 a.m.. Pacific time, on October i8, 1911. It lasted only about 
two seconds, and was recorded on a CD. West seismoscope with an 
east-west movement of 2^ millimeters, and a north-south movement 
of V/i millimeters. No noise was observed and no alarm was caused. 
The shock was noticed only by persons in or near buildings where 
windows were rattled." This earthquake was recorded by the seismo- 
graphs at the seismographic station at Santa Clara College, Cahf. 



A late Mexican earthquake. — .^n earthquake is reported to have 
been felt over a large part of Mexico at 12:40 p.m. on December 16. 
It is said to have reached an intensity of VIII or IX in the state of 
Guerrero, and a few buildings are said to have fallen in Chilpanzingo, 
a town 120 miles southwest of Mexico. In the city of Mexico there was 
considerable alarm, and some adobe walls were thrown down. 



Southwestern Alaska. — The newspapers report a severe earth- 
quake on the southwestern .-Maskan coast on October 17, igii. It 
is said to have lasted several seconds, and to have affected the glaciers 
considerably. 
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Slight shock at Pasadena, Cal. — Mr. J. S. Rossiter. nieinber of 
the Seismological Society of America, observed a slight shock at 
Pasadena, California, November i, 1911, at 9:54:30, Pacific standard 
time. The shock lasted from three to five seconds, and had an in- 
tensity of II or more R.F. scale, Mr. Rossiter notes that it was 
accompanied, or possibly preceded by a sound as of a breeze, and that 
doors creaked and a pianola was audibly affected. A slight shock 
was recorded the same day at the Santa Clara College station. Santa 
Clara, Cat. 

At Los Gaios, Calif. — Mr. Irving H. Snyder reports a shock at 
Los Gatos, Cat., October 15, about 5 :45 a.m., with an intensity between 
II and III, and another October 17, 1911, at i :25 p.m., with an inten- 
sity between II and III R.F. scale. Some persons noted a low roar 
at the time of the second disturbance. The shock of October 17 is 
reported to have been noticed by a few persons at San Jose and at 
Stanford University, California. 



Shock at Bellingham and J'icloria. — The newspapers report an 
earthquake on September z8, 1911, at about 6:45 p.m. No damage 
was reported at Victoria, B. C, but at Bellingham, Wash., it is said 
that a few frail chimneys were thrown down. 



Where a station clock is employed with an electric contact every 
minute, the current strong enough to work the magnets of the time 
tickers of the seismographic drums may, by sparking at the contact in 
the clock, produce an excessive wear of the poles and a stopping of the 
clock. This trouble may be reduced by working the clock on a sepa- 
rate circuit, with a single cell dry battery, wired to a relay which in 
turn closes the main circuit. 
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A, Alfaro, G. Michaud, P. Bioixey, — Informe Sobre el 
Tbrremoto de Toro Amarillo. Boletin de Fomento, Anno i, 
No. 7. San Jose, Costa Rica, Aoosto, 1911, pp. 533-539. 

This paper is an official report of the committee appointed by the 
government to investigate the effects of an earthquake that occurred 
August 28, at Toro Amarillo in the canton of Grecia. The shock was 
felt at San Jose, where it had an intensity of VI. and was recorded 
by Professor Tristan's seismograph at the Colegio Superior de Senor- 
itas. This record is given in the report at page 534, showing a move- 
ment confined almost entirely to a north west- southeast direction. 
Twenty kilometers northeast of San Jose at AUjiiela the intensity was 
VII, and at Grecia, twenty kilometers further to the northeast, the 
intensity was VIII. It is noted that even with this intensity there was 
very little damage done at Grecia, owing to the fact that the church 
was built of iron and the houses of wood. Further north, at an 
elevation of 1419 metres above tide, the committee began to find land- 
slides and cracks in the earth. After passing El Portillo they found 
the road completely blocked by landslides and uprooted trees. M 
Toro Amarillo the intensity was X, and houses were thrown down, 
trees uprooted, the ground was much cracked, and there were more 
than sixty landslides in the hilly part of the country in the immediate 
neighborhood. 

The intensity seems to have been greater north of the mountains 
than to the south. The committee are of the opinion that the epicenter 
was from six to nine kilometers to the northwest of .the volcano Poas, 
and that the center is not deep. 

Another short article by D. A. .Alfaro, published in the periodical 
Pagiiws niustradas for September 24, 1911, under the title "Buenas 
construcciones," gives some of the observations of the committee upon 
the buildjngs of the region. He points out with good reason that 
methods of construction that are best adapted to the earthquake regions 
of Italy, Jamaica, Japan, and California, are out of the question in the 
interior of Costa Rica. He also calls timely attention to the disadvan- 
tages of the ordinary earthen tiles so extensively used for covering 
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the houses in that country. Such tiles are heavy and more or less 
dangerous in an earthquake region. He recommends instead the use 
of corrugated iron, which, though necessarily imported, is not expen- 
sive, is comparatively light, and may be so used as to strengthen the 
buildings, instead of overloading and weakening theni as the tiles do. 

J. C. B. 



Seismology in St. Louis University. Published under the 
direction of John R. Goesse, S, J.. Director, and George E. Rueppel, 
S. J.. Assistant. Vol. VII. No. 5, of the Bulletin of St. Louis Uni- . 
VERSiTV. St. Louis, December, 191 1. 

This number of the Bulletin of St. Louis University, fifty-three 
pages, is devoted exclusively to seismology. It is full of interest to 
the seismologist, and especially to those who wish to familiarize them- 
selves with the methods and modem development of the science. It 
has an additional individual interest on account of its giving the his- 
torical outlines of the <levelopment and organization of the system of 
seismologic stations in North America under the control of the Society 
of Jesus. It shows also that the Society of Jesus has in addition a 
large number of seismologic stations in all parts of the globe. 

One chapter is devoted to the physics of the seismograph ; then 
follow a table for determining distances of shocks, and a table of co- 
ordinates for St. Louis, explanations of the symbols of the Goltingen 
nomenclature and a table of records of the St. Louis University 
station for the year 1910. 

The seismologic number of this Bulletin is a valuable contribution 
to seismology in this country, and it does great credit to the institu- 
tion under the auspices of which it is issued. 

J. C. B. 
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MINUTES OF THE MEETING OF THE BOARD OF DIRECTORS OF 

THE SEISMOLOGICAL SOCIF.TY OF AMERICA. 

NOVEMBER 3. 1911. 

Tlie meeting was called to order by President Branner at 4:30 p.m., in 
Room (404, Merchants' Exchange Building, San Francisco. Directors Branner, 
Burckhalter, Lawson, Louderback. McAdie, and Townley were present, and 
director See was represented by proxy. 

The minutes of the meeting of the Board held on September l6th were 
approved as printed in Bulletin No. 3, 

The following action was taken by the directors ; 

The resignation of one member was accepted. 

Thirty-seven new members, whose names are subjoined hereto, were 
recommended by the president and secretary, and elected to membership in the 
Society, Ten institutions were placed on the list of subscribers to the 
Bulletin. 

The list of members of the Society was ordered pTinted in the December 
number of the Bulletin, 

The secretary was instmcted 10 send copies of the Bulletin to various 
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LIST OF MEMBERS ELECTED NOVEMBER 3. 1911 



W. D. Alexander: Honolulu, T. H. 

Charles P. Berkey : New York, N. Y. 

Mrs. Chas. D. Blaney; Saratoga, Cal. 

Barnabas Bryan : Bingham, Utah. 

Albert Bureh : San Francisco. 

Arthur W. Burgren : Minillas, Zaca- 
tecas, Mex. 

J. C. Cebrian : San Francisco, Cal. 

T. C. Chamberlin: Chicago, 111. 

Frank V. Cornish : San Francisco, 
Cal. 

Jose Costa : San Francisco, Cal. 

Chas. S. Cushing : San Francisco, 
Cal. 

Edwin Duryea, Jr. ; Palo Alto, Cat. 

Lewis, Alden Estes: Detroit, Mich. 

John R. Freeman : Providence, R. I. 

Chas. N. Gould : Norman. Oklahoma. 

John S. Grasty : University of Vir- 
ginia, Va. 

F. C. Herrmann : San Francisco. Cal. 

J. S. Hook : Stanford Universiiy, 
Cal. 



Mrs, Lou Henry Hoover : London, 

England. 
E. P. Jennings: Salt Lake City, Utah. 
V. L. Kellogg: Stanford University, 

Cal. 
George F. Kunz : New York, N. Y. 
Adolph Lietz : San Francisco, Cal. 
J. D. Maddrill: Ukiah. Cal. 
J, K. MoHiti : San Francisco, Cal. 
Wm. Mnlholland : Los Angeles. Cal. 
Wm. F. Prouty : University, Ala. 
Chester A. Reeds : Bryn Mawr, Pa. 
Francisco Dias da Rocha : Ceara. 

Brazil. 
C. F. Runyon : San Francisco, Cal. 
Pearl G. Sheldon: Ithaca, N. Y. 
Peler Soo-Hoo: San Rafael, Cal. 
GeorRe Otis Spencer; Chicago, 111. 
Donald Steel ; Kanshassa. Congo 

Beige. Africa. 
Gordon Surr : San Bernardino. Cal. 
R. B. Symington : San Francisco. Cal. 
C. F. Toltnan, Jr. ; Tucson, Arizona. 



NEW SUBSCRIBERS 



The American Philosophical Society, 

Philadelphia. Pa. 

California State Library : Sacra- 
mento. Cal. 

Library of Congress : Washington, 

D. C 
■Library of U. S, Geological Survey: 
Wa.shlngton, D. C. 

Library of Ihe University of Kan- 
sas ; Lawrence, Kansas. 



Library of ihe U. S. Military Aca- 
demy : West Point. N. Y. 

The New York Public Library : New 
York, N. Y. 

Oakland Free Library: Oakland. Cal. 

Si. Ignatius College Library : San 
Francisco, Cal. 

Weather Bureau Library ; Washing- 
ton. D. C 
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Barringer. D. M. 370 Bullitt Bldg., Philadelphia, Pa. 
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Berkey, Charles P. Columbia University, New York, N. Y. 
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Buhne. H, H Eureka, Cal, 

Burbank , Luther Santa Rosa, Cal, 

■ Life Member 



,y Google 



lg2 BUIJ-ETlN OF THE SElSMOI.OCtCAI. SOCIETY 

Burch, Albert Crocker Bldg., San Francisco, Cal. 

Burckhalter, Chas. Chabot Observatory, Oakland, Cal. 

Burgren, Arthur W Minillas, Zac, Mexico 

Butler. G. Montague Colorado School of Mines. Golden, Colo. 

Campbell. W. W Lick Observatory, Mt. Hamilton, Cal. 

Carle, N. A. 709 Central Bldg., Seattle. Wash. 

Carmody. P Port-of-Spain, Trinidad 

Carney, Frank Granville, O. 

Cebrian, J. C 1801 Octavia St., San Francisco, Cal. 

Chamberlin, Rollin T. University of Chicago, Chicago, 111. 

Chamberiin, T. C University of Chicago, Chicago, 111. 

CTiauvet, A. L. 687 36th St„ Oakland, Cal. 

Church, J. E., Jr Reno, Nev. 

Ciffra, Ricardo (S. J.) Tortosa, Spain 

Clapp, Frederick G 331 Fourth Ave., Pittsburg, Pa, 

Clark, V. V. 444 Henry Bldg., Seattle. Wash. 

Clark, W. O State N'ormal School, Milwaukee, Wis. 

Clemans, Carl Snohomish, Wash. 

Cobb. Collier Chapel Hill. N. C. 

Coleman, A. P. School of Science, Toronto, Ontario, Canada 

Collom, Roy E Box 957, Coalinga, Cal. 

Cornish, Frank V. Monadnock Bldg., San Francisco, Cal. 

Costa, Jose 1926 Pine St.. San Francisco, Cal. 

Crandall, Roderic Ministerio de Agricultura, Rio de Janeiro, Brazil 

Crook, A. R State Natural History Museum, Springfield, 111. 

Crosby, W. O. Mas.s. Institute of Technology, Boston, Mass. 

Crothers, Geo. E Chronicle Bldg., San Francisco, Cal. 

Cushing, Chas. S. 821 First Nat'l. Bank Rldg,, San Francisco, Cal. 

Dana, Edward S New Haven, Conn. 

David, T. W. Edgeworth University of Sydney, N. S. W., Austraha 

Denison, F. Napier Box 1200, Victoria, B. C. 

Dcrieth, C , Jr. University of California, Berkeley, Cal. 

Dick, Frederick J Point Loma, Cal. 

Dole, A. R. - Hammonton, Cal. 

Dole, Chas. S Lihue, Hawaii 

Doolittle, C. L. Upper Darby, Pa. 

Doyle, M.J 1623 Scenic .\ve., Berkeley, Cal 

"Drake, N. F. Stanford University, Cal. 

Dunn, Orrin W Stanford University, Cal. 

Durand, W. F, Stanford University, Cal. 

Duryea, Edwin, jr 308 Lincoln Ave., Palo Alto, Cal. 

Dutton, C. E. EnglewDod, N. J. 

Ivastnian, S. F 375 Sutter St., San Francisco, Cal. 

Eckart, \V. R. 3014 Clay St., San Francisco, Cal. 

Eddy, A.J 2630 Fulton St., Berkeley, Cal. 

Eells, Charles P. 2415 Fierce St., San Francisco, Cal. 

Einarsson, Sturla Faculty Club, Berkeley, Cal. 

Elder, James W. Petaluma, Cal. 



,y Google 



MEMBERS OF THE SE IS MO LOGICAL SOCIETY If)^ 

Emerson, B. K Amherst, Mass. 

Estes, Lewis Alden Trussed Concrete Steel Co., Detroit, Mich. 

Ettler, J, A Room ,302. 604 Mission St., San Francisco, Cul. 

Fairbanks, Harold W. Box .176, Berkeley. Cal. 

Fenner, Clarence N Geophysical Laboratory, Washington, D. C. 

Ferrier, W, F. 204 Lumsden Bldg.. Toronto, Canada 

Finlay, George 1 205 W. Uintah St., Colorado Springs. Colo. 

Fisher, George J. Coyote, Cal. 

Forbes, John F Crocker Bldg., San Francisco, Cal. 

Foster, N. K. 609 Santa Ray Ave.. Oakland, Cal. 

Fowler, F. H 221 Kingsley Ave.. Palo Alto, Cal. 

Franklin, E. C. Hygienic Laboratory. Public and Marine 

Hospital Service, Washington, D. C. 

Franklin, W. S South Bethlehem. Pa. 

Frazer, Guy , 2420 College Ave., Berkeley, Cal. 

Freeman. John R 2.15 Arlington Ave., Providence, R. I. 

*Fuller, M. L, U. S. Geological Survey, Washington, D. C. 

Garfias, V. R ; . , .700 H. W. Hellman BIdg., Los Angeles, Cal. 

Gay, Harold S. Coronado, Cal. 

von Geldern. Otto 1978 Broadway, San Francisco, Cal, 

George, R. D. 845 nth St., Boulder, Colo. 

•Gilbert, G. K U. S. Geological Survey, Washington, D. C. 

Oilman, C. E. 1368 Geary St., San Francisco, Cal. 

Glenn, L. C Vanderbilt University, Nashville, Tenn. 

Goldthwait, J. N. Dartmouth College, Hanover, N. H. 

Gordon, C. H University of Tennessee, Knoxville, Tenn. 

Gould, Chas. N. Oklahoma Geological Survey, Norman, Okla. 

Grant, Joseph D 2200 Broadway, San Francisco, Cal. 

Grasty, John S. University of Virginia, Charlottesville, Va. 

Greig, Andrew .3 Duntrune Terrace, Broughty Ferry, Scotland 

"Haarmann, Erich Apartado No. 1408, Mexico, D. F 

Ham, W. R State College, Pa. 

Hamlin, Homer 1021 S. Union Ave., Los Angeles, Cal. 

Harris, G. D Ithaca, N. Y. 

Harwood, E. C. Upland, Cal. 

Hartzell, J. Culver, 501 E. Colfax Ave., Denver, Colo. 

Hayes, C. Willard U. S. Geological Survey, Washington, D. C. 

Henderson. Chas. W 311 Chamber of Commerce, Denver, Colo. 

Heredia, Gustavo (S. J.) Colegio del Velodromo, Pueblo, Mexico 
Herrmann, A. T. Theatre Btdg.. San Jose, Cal. 

Herrmann. F. C 375 Sutter St., San Francisco, Cal. 

Hershey, Oscar H. Kellogg, Idaho 

Hicks, A. R Twin Falls, Idaho 

Hills, Thomas M. 76 E. 12th Ave., Columbus, O. 

Hitchcock, C. H Honolulu, T. H. 

Hitchcock. J. 825 Louisiana St., Vallejo, Cal. 

Hixon, Hiram W 251 S. 41st St., Philadelphia, Pa. 

Hobbs, Wm. H. University of Michigan, Ann Arbor, Mich. 



,y Google 



194 BULLETIN OF THE SElSMOIXKilCAL SOCIETY 

Hodges, Chas. E 45,^ Charming Ave,. Palo Alto. Cal. 

Holmes, Howard C. 112 Market St., San Francisco, Cal, 

Hook, J. S Stanford University, Cal. 

Hoover. H. C. i I^ondon Wall Bides.. London, E. C, Eng 

Hoover. Mrs. Lou Henry, .The Red House, Horton St., London. Eng. 
Hopkins. T. C. Syracuse University, Syracuse, N. Y. 

Hore. Reginald E Houpfhton. Mich. 

Hoskins, L, M, ^65 Lincoln Ave., Palo Alto, Cal. 

Hovey, E, O An-er. Museum Nat. Hist., New York. N. Y. 

Howe, Agnes E. State Normal School, San Jose. Cal, 

Howe, Ernest 77 Rhode Island Ave.. Newport, R. L 

Hnerta, Santiago I'e K Univer=idad Nacional de Cuba, Habana. Cuba 

Humphrey. Richard L itoi Harrison Bldg.. Philadelphia, Pa. 

Hunt. G. J. 827 Capitol St.. Vallejo. Cal, 

Huntington, Ellsworth Yale University, New Haven, Conn, 

Hussey. William T. I'niversitv of Michigan. .'\nn Arbor, Mich. 

Jaggar, T. A,. Jr Mass. Institute of Technologv, Boston, Mass. 

lenkins, O, P. Stanford University. Cal, 

Jennings, E. P Box 841, Salt Lake City, Utah 

Johnson, Douglas W. Harvard University, Cambridge, Mass. 

Johnston, A. W =515 Beacon St., S. E., Minneapolis. Minn. 

Jordan. David S. Stanford University. Cal. 

Kay, G. F 216 Fairchild St., Iowa City. Iowa. 

Keatinge, Richard yyq Market St.. San Francisco, Cal. 

Keen. W. W 1720 Chestnut St., Philadelohia, Pa. 

Keesling, Francis V. 140-) Chronicle Bldg.. San Francisco, Cal, 

Kellogg. V. L Stanford Universitv. Cal 

Kemp, J. F, ?ii West i.^oth St,. New York. N. Y. 

Kimball, E. B 149 California St.. San Francisco. Cal. 

Klotz. Otto 417 Albert St., Ottawa, Canada 

Knecht, C. E Box 22^i. Johannesburg, Transvaal, S. .\frica 

Koster, F. J. 505 Monadnock Bldg., San Francisco. Cal. 

Kramm, H. E 129 Collece Ave., Ithaca. N. Y. 

Kroeck. L. S. College of the Pacific. San JoFe. Cal. 

Kunz, George F 401 Fifth Ave., New York, N. Y. 

Lahee. Fred. H. 84 Prescott St., Cambridge. Mass. 

Lampland. Carl O Lowell Observatory, Flagstaff, Ariz. 

Landes. Henry University Station, Seattle, Wash. 

Lane. Alfred C Tuft's College, Mass, 

Lane, F. 1708 i8th Ave., Seattle. Wash. 

Laughlin, Homer. Tr 666 West 28th St., Los Angeles, Cal. 

Lawrence, Samuel C. 7 Rural Ave., Medford, Mass. 

Lawson, A, C L'niversity of California, Berkeley, Cal. 

I^Conte, J. N. I'niversitv of California, Berkeley, Cal. 

Ledyard. R. C Garden City Bank Bldg., San Jose, Cal. 

Leib, S. F. San Jose. Cal. 

Lemos. Alix Correa .... National Observatory. Rio de Janeiro, Brazil 
Lenox, Lionel R. Stanford University, Cal. 



,y Google 



MEMBERS 0I-" THE SKISMOLOCICAL SOCIETY KJS 

Leuschner, A. 1816 Scenic Ave., Berkeley, Cal. 

Lewis, Robert S. Stanford University, Cal. 

Libbey, W, M Princeton, N. J. 

Lietz, Adolph 632 GDmmercial St., San Francisco, Cal. 

Lindg:ren. Waldemar . . . .U S. Geological Survey, Washington, D. C. 
Lindley, Curtis H. 604 Mills BIdg., San Francisco, Cal. 

Linsley, Earle G Berkeley. Cal. 

*Lisboa, M. A. R. 426 Praia de Botafogo, Rio de Janeiro, Brazil 

Loring, Conrad 2250 Telegraph Ave., Berkeley, Cal. 

Loring, Frank C. Home Life Bldg,, Toronto, Ontario 

Louderbeck, Geo. D T'niversity of California, Berkeley, Cal. 

Loiighridge, R. H. I'niversity of California, Berkeley, Cal. 

Lyon, Dorsey A 44 Brattle St., Cambridge, Mass. 

McAdie, Alex, G. U. S. Weather Bureau, San Francisco, Cal. 

McBryde, Warren H Pinole, Cal. 

McCallie, S. W. Atlanta, Ga, 

McCracken, Mary I Stanford University, Cal. 

McDougall, G. B. 721 Devisadero St., San Francisco, Cal, 

McLaughlin, .A. C 1020 Bryant St., Palo Alto, Cal. 

Maddrill, James D. Ukiah. Cal. 

Marsters, V. F 430 Columbus Ave., New York, N. Y. 

Martin, IJllien J. Stanford University, Cal. 

Marvin, C. F U. S. Weather Bureau, Washington, D. C. 

Mather, Kirtley F. Fayetteville, .'\rk. 

Malhewson, R. H 132 East iQth St., New York, N. Y. 

Matthes, Francois E. U. S. Geological Survey, Washington. D. C. 

Means, Thomas H V. S. Reclamation Service. Fallon, Nev. 

Mendenhall, W. C. U. S. Geological Survey, Washington. D. C. 

Metcalf. Lorettus S 839 Washington St., Bath, Maine 

Meyer, Fred. H. Box 162, San Rafael, Cal. 

Middleton. H. L Boulder Creek, Cal. 

Miller, Benj. L. Lehigh University, South Bethlehem, Pa. 

Miller, Dayton C Ca.'ic School of Applied Science, Cleveland, O. 

Miller, John A. Swarthmore, Pa. 

Miller, Wilet G Bureau of Mines, Toronto, Canada 

Mitchell, Walter M. Detroit Observatory, Ann Arbor, Mich. 

*Moffitt, J. K First National Bank, San Francisco, Cal. 

Moore, David C. 38-40 Pacific Ave., Santa Cruz, Cal. 

Moore, E. S State College, Pa. 

Moran, Robert B. 661 Waverly St., Palo Atto, Cal, 

Morize, Henrique Observatorio Nacional, Rio de Janeiro, Brazil 

Muir, John Martinez. Cal. 

Mulholland, Wm Water Dept., Los Angeles, Cal. 

Naramore, Chester Taft. Cal. 

Newsom, J. F 1 129 Cowper St., Palo .A^Ito, Cal 

Nickel, J, Leroy Menlo Park. Cal. 

N'ishkian, L. H 1155 Turk St., San Francisco, Cal. 

N'unan, Thomas Examiner Office. San Francisco. Cal. 



,y Google 



196 BULLETIN OF THE SEISMOLOCICAL SOCIETY 

Ochsner, W. H Palo Alto. Cal. 

Oclenback, F. L. (S. J.) St. Ifrnatius College, Cleveland, O. 

Ogilvie. Ida H Ba'nard College. New York, N. Y. 

O'Hara, Cleophas C. South Dakota School of Mines, Rapid City, S. D. 

Ohern, D. W Norman. Okla. 

Olney, Warren 481 Prospect Ave., Oakland, Cal. 

Orcutt, W. W 1.128 West Fifth St.. Los Angeles. Cal. 

Ordonez. Ezeqiiiel 2fl General Prim 41. Mexico City, Mex. 

Orton, Edward, Jr Ohio State I'ntversitv, Columbus. O. 

Osborne, Clarence B. 401 W. 2ird St.. Los Angeles. Cat. 

Pack, Frederick J Unlversitv of I'tah, Salt Lake City, Utah 

•Page, Charles Merchants' Exchange Bldg., San Francisco, Cal. 

Parkin. Wm. M 5577 Hamqton St., Pittsburg, Pa. 

Peck. Frederick B. Lnfayette College, Easton, Pa. 

Pemberton, J. R Balcheta, Rio Negro. Argentina 

Perry, H. F. Box 26.1, Palo Alto, Cal. 

Phelan, James D Phelan Bldg., San Francisco, Cat. 

Phillips. Wm. B. University of Texas, Austin. Tex. 

Pirsson. L. V 41 Trumbell St.. New Haven. Conn. 

Polk, Willis Merchants' Exchange Bldg., San Francisco, Cal. 

Poss. V. H ■. . . .812 Clayton St.. San Francisco. Cal. 

Prosser. Chas. S. Ohio State University. Columbus, O. 

Prouty, Wm. F University, Ala. 

Purdue, A. H. University of Arkansas. Fayetteville. Ark. 

Ralston. J. C 2421 West Mission Ave.. Sookane, Wash, 

Reed, E. Bayner Meteorological Office, Victoria, B. C. 

Reed. Wm. G 2611 Durand Ave.. Berkeley, Cal. 

Reeds, Chester A. Bryn Mawr College, Bryn Me»rr, Pa. 

Reid. H. F Johns Hopkins University, Baltimore, Md. 

Ricard, Terome S. fS. J.) Santa Clara College. Santa Clara. Cal. 

Rice, John A 419 Trust Bldg., El Paso. Tex. 

Rice. Wm. North Middletown, Conn. 

Richardson, D. S 157 Hagar .^ve.. Piedmont, Cal. 

Ries, Heinrich Cornell University, Ithaca. N. Y. 

Riter, Geo. W Eureka Hill Mining Co., Salt Lake City, Utah 

Rixford. Emmet 1795 California St., San Francisco, Cal. 

Rizso, G. B Osservatorio. Messina. Italy 

Rockwood, C. G., Jr. »4 Bayard Lane, Princeton, N. J. 

Roberts. Milnor 4505 15th ^ve.. N. E., Seattle, Wash. 

Rocha, Dias da Museu Rocha, Ceara, Brazil 

Rodgers, W. S Boulder Creeek, Cal. 

Rogers, F. J. Stanford University, Cal. 

Rolfe, F 1631 Council St., Los Angeles, Cal. 

Rossiter. J. S. 369 South Lake Ave., Pasadena, Cal. 

Ruddock, Geo. T " 2541 Regent St.. Berkeley, Cal. 

Runyon, C, F, 589 Market St., San Francisco, Cal, 

Rushmer, Cliff B 117 Geary St., San Francisco, Cal. 

Ryan, Daniel A. 1900^ Fillmore St., San Francisco, Cal. 



,y Google 



MEUBEKS OF THE SEISMOI-OCICAL SOCIETY I97 

Ryan, Harris J Stanford University, Cal. 

Sayles, Koben VV, 263 Hammond St., Chestnut Hill, Mass. 

Scherer, J Port-au-Prince, Haiti, W. 1. 

Schrader, Gustave Box 5, Sutter Creek, Cal. 

Schutt, R Papenhuderstrasse 8, Hamburg 24. Germany 

Schuiz, John 779 Market St., San Francisco, Cal. 

Schuize, H. A 82 Second St., San Francisco, Cal. 

Schultze, Leonard Duvelsbekerweg 23, Kiel, Germany 

Scofield, D. G. Sheldon Bldg., San Francisco. Cat. 

Searle, Geo. M 2630 Ridge Road, Berkeley, Cal. 

Searles, Dennis Albany Block, Oakland, Cal. 

*See, T. J. J U. S. Naval Observatory, Mare Island, Cal. 

Shattuck, Georgf B. Vassar College, Poughkeepsie, N. Y. 

Shedd, Solon Pullman, Wash. 

Sheldon, Pearl G. Cayuga Heights, Ithaca, N. Y. 

Shepard, E. M 1403 Benton Ave., Springfield, Mo. 

Shutts, Arthur B. Minillas, Zacatecas, Mexico 

Sidgreaves, Walter (S. J.) Stonyhurst Co II egd Observatory, 

Nr. Blackburn, Eng. 

Simonds, Ernest H 787 Market St., San Francisco, Cal. 

Sirdevan, W. H. Minillas, Zacatecas. Mexico 

Sizer, Frank L 281 Addison Ave., Palo Alto, Cal. 

Small, H. L. 334 Cowper St., Palo Alto, Cal. 

Smith, Burnett Syracuse University, Syracuse, N. Y. 

Smith, Carl S. Hilo, Hawaii 

Smith, Edgar C Riverdale, Fresno Co., Ca! 

Smith, Geo. Otis U. S. Geological Survey, Washington, D. C. 

Smith, W, S. Tangier University of Nevada, Reno, Nev. 

Smock. John C. Trenton, N. J. 

Snyder, Irving H Los Gatos, Cal. 

Snyder, Wm. H. Hollywood, Cal. 

Soo-Hoo, Peter 722 C St., San Rafael, Cal. 

Soper, E. K. University of Minnesota, Minneapolis, Minn. 

Souza. Bernardino Jose de S. Jose 47, Bahia. Brazil 

Spalding, W. A. 134 North Gates St., Los .Angeles, Cal. 

Spencer, George Otis 29 South La Salle St., Chicago, 111. 

Stanford, Josiah W. Warm Springs. Alameda Co., Cat. 

Starke. Eric A 2655 Dwight Way. Berkeley. Cal. 

Stebbins, C. S. 1230 Parkwild .Ave,, Omaha, Neb. 

Steel, Donald . . . .■ Kanshassa, Congo Beige, Africa 

Stevens. F. A. Box 321, Pato Alto, Cal. 

Stevenson, A. E 2 Rector St., New York, N. V. 

Strong, A. M. 418 Merchants' Trust Bldg., Los .Angeles, Cal. 

Stubbs, J. E University of Nevada, Reno, Nev. 

Surr. Gordon Farmers' Exchange Bank Bldg., San Bernardino, Cal. 

Symington. R. B 215 Mills Bldg., San Francisco. Cal. 

Taber, Stephen University of Virginia, Charlottesville. Va. 
Taff, J. A ion Fulton St., Palo Alto. Cal. 



,y Google 



198 BULLETIX OF THK SElSMOLOGlCAL SOCIETY 

Talmagc, James E. 200 Vermont Bldg., Salt Lake City. L'tah 

Tarr, Ralph S Cornell University. Ithaca, \. V. 

Taylor, Frank B. 548 Home Ave., Fort Wayne, Ind, 

Templeton, E. C 375 Everett Ave., Palo Alto, Cal. 

Terrill, .Arthur C. University of Oregon. Eugene. Ore 

Thiele. EC 1247 Cowper St., Palo' Alto. Cal. 

Thonip.son. Beach Menlo Park, Cal. 

Thompson. H. VV Box 146, Los Gatos. Cal 

Tolman, C. E., Jr. University of .Arizona, Tucson, Ariz. 

Tower, Walter S Logan Hall, West Philadelphia. Pa. 

Townley. S. D. Stanford University. Cal. 

Trelease, William Missouri Botanical Gardens, St. Louis, Mo. 

Tristan, J. F. Box 357, San ^se, Costa Kica* 

Turner. H. W 708 Mills Bldg., San Francisco, Cal. 

Uhlig, Carl Room 18, F'erry Bldg., San Francisco, Cal. 

Van Hise, C. R. .\ University of Wisconsin, Madison, Wis 

Van Horn, Frank R. Ci'^e School of Applied Science, Cleveland, O. 

Varney, Burton M 31 Pleasant Ave., Portland, Maine 

*Volz, F. W. Canyon Diablo, Arizona 

Wagoner, Luther yio Pacific Bldg., San Francisco. Cal. 

Walcott, Chas, D. Smithsonian Institution, Washington, D, C. 

Waldo, C. A Washington University, St. Louis, Mo. 

Waring, G. A. Inspectorio de Obras contra as Seccas, 137 Avenida 
Central, Rio de Janeiro, Brazil 
Warthorst. Frank W. R. F. D. No. 2, Box 7, Bakersfield, Cal. 

Washbume, Chester W. I'oste Restante, Buenos Aires, Argentine Rep. 
Watson, T. L. L niversity of Virginia, Charlottesville, \'a. 

Wigglesworth, Edward Geological Museum, Cambridge, Mass. 

Williams. T. M. 351 Homer .Ave., Palo Alto. Cal. 

Winchell. N. H 50E East River Road, Minneapolis, Minn. 

Wood, Harry O. University of California, Berkeley, Cal. . 

Woodward, Robert S Carnegie Institution, Washington, D. C. 

Woodworth, J. B. Geol<^cal Museum, Cambridge, Mass. 

Wright, W. Q Sausalito. Cal. 

Young, Geo. J. University of Nevada, Reno, Nev. 

Zoffnian, Geo. F Apartado 67, Guanojuato, Mexico 

SUBSCRIBERS 

.American Philosophical Society, The Philadelphia, Pa, 

Board of Fire Underwriters of the Pacific 914 Merchants' Exchange. 

San Francisco, Cal. 

Bureau of Mines, The Director of Washington, D. C. 

California State Library Sacramento, Cal. 

Chief Astronomer. Interior Department Ottawa, Canada 

College of the Pacific San Jose. Cal, 

Colorado School of Mines, Library of Golden, Colo, 

Congress, Library of Washington, D. C. 
Cornell University, Library of Ithaca, N. Y. 



,y Google 



MEMBERS OK THF. SEISMOI.OGICAL SOCIETY I99 

Dartmouth College Library Hanover, N. H. 

Erdmagnetisches Observatorium imd Erdbeb en-Station ..Miinchen, 

O. 27, Germany 

Franklin Institute, The Philadelphia, Pa. 

Friedlander, R. und Sohn Karlstrasse ii, Berlin, N. W., 6. 

Geological Survey, Librarian of , . . Ottawa, Canada 

Harvard College Observatory Cambridge, Mass. 

John Crerar Library. The Chicago, III. 

Johns Hopkins University, Library of Baltimore, Md. 

Lick Observatory Mount Hamilton, Cal. 

Mechanics-Mercantile Library San Francisco, Cal. 

Michigan College of Mines Houghton, Mich. 

Mount Holyoke College, Library of _South Hadley, Mass. 

New York Public Library, The New York, N. Y. 

Northwestern University, Geological Department Evanston, III. 

Oakland Free Library 14th and Grove Sts., Oakland, Cal. 

Observatorio Astronomico Madrid, Spain 

Ohio Statp University, Library of Columbus, O. 

Sociedad Cientifica "Antonio Alzate" Mexico, Mex. 

St. Ignatius College Library 221 1 Hayes St., San Francisco, Cal. 

Stevens, B. F., and Brown. : . .4 Trafalgar Square, I-ondon, England 

Tohoku Imperial University, Library of Sendai, Japan 

University of Arizona, Library of Tucson, Ariz. 

University of Chicago, General Library of Chicago, III. 

University of Illinois, Library of University Station, Urbana, III, 

University of Kansas, Library of Lawrence, Kan. 

University of Missouri, General Library of Columbia, Mo. 

University of Nevada, Library of Reno, Nev. 

University of Pennsylvania, Library of Philadelphia, Pa. 

University of Wisconsin, Library of Madison, Wis. 

U. S. Geological Survey, Library of Washington, D. C. 

U. S. Military Academy, Library of West Point, N. Y. 

U. S. W^eather Bureau, Library of Washington, D. C. 

Yale University Library New Haven, Conn. 

Members (Life members, 12) 362 

Subscribers 42 

Total 404 



,y Google 



BULLETIN OF THE SEISMOLOGICAL SOCIETY 



ROSSI-FOREL SCALE OF EARTHQUAKE INTENSITIES 

I. Microseismic shock: recorded by a single seismograph or by 
seismographs of the same model, but not by several seismo- 
^aphs of different kinds; the shock felt by an experienced 
observer. 
II. Extremely feeble shock: recorded by several seismographs 
of different kinds ; felt by a small number of persons at rest. 

III. Very feeble shock: felt by several persons at rest; strong 

enough for the direction or duration to be appreciable. 

IV. Feeble shock: felt by persons in motion ; disturbances of mov- 

able objects, doors, windows; creaking of ceilings, 
V. Shock of moderate intensity : felt generally by everyone ; 
disturbance of furniture, beds, etc., ringing of swinging bells. 
VI. Fairly strong shock: general awakening of those asleep, gen- 
eral ringing of house bells ; oscillation of chandeliers ; stop- 
ping of pendulum clocks ; visible agitation of trees and shrubs ; 
some startled persons leave their dwellings. 
VII. Strong shock: overthrow of movable objects; fall of plaster; 
ringing of church bells; general panic, without damage to 
buildings. 
VIII. Very strong shock : fall of chimneys, cracks in walls of build- 
ings. 
IX. Extremely strong shock: partial or total destruction of some 
buildings. 
X. Shock of extreme intensity: great disaster, buildings ruined, 
disturbance of the strata. Assures in the ground, rock-falls 
from mountains. 
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